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Since the publication of the first edition many advances have 
been made in electrotherapeutics, particularly in the field of 
the application of Roentgen rays for diagnostic and curative 
purposes. The field of the faradic current has been widened 
by the more extensive use of the sinusoidal current, whereby 
valuable aid has been given in cases where the faradic current 
alone was unable to produce the desired effects. The com- 
bination of the direct current either with the faradic or the 
sinusoidal current is also a method that has received a more 
extensive application. Diagnosis as applicable to orthopedic 
surgery by means of the electric current is still another branch 
of electrotherapeutics that has been growing in importance. 

All these, })esides numerous other subjects, have been incor- 
porated in the present volumes. The original text has, to 
a large extent, been rewritten, not only to bring it fully up to 
date, but also to elucidate some subjects that seemed to need a 
fuller treatment. Every effort has been expended to incorporate 
information regarding the latest advances in France, Germany, 
England, and the United States. 

The Electrotherapeutic Course was planned by, and prepared 
under the supervision of, W. F. Brady, M. D. His aim has 
been to have the various Papers contained in the Course 
supplied by specialists that have had an extensive experience 
in their respective branches. The following is a list of the 
principal Papers and their authors: 

Electricity in Diseases of the Nervous System, and Elec- 
tricity in Surgery, by W. J. Herdman, M. D., LL.D., Professor 
of Diseases of the Mind and Nervous System, of the University 
of Michigan. 

• • • 
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iv PREFACE. 

Practical Application of Roentgen Rays, by Carl Beck, M. D., 
Visiting Surgeon St. Mark's Hospital and the German Polyclinic 
of the City of New York. 

Electricity in Genito-Urinary Diseases, by Robert Newman, 
M. D., Consulting Surgeon, Hackensack Hospital, N. J.; Con- 
sulting Surgeon, Bayonne Hospital, N. J. ; Consulting Surgeon, 
Gennan Dispensary, New York, N. Y. ; Consulting Surgeon, 
McDonough Memorial Hospital, New York, N. Y. ; Consulting 
Physician, Home for Aged and Infirm, New York, N. Y. 

Therapeutic Uses of Electricity in Gynecology, by Augustin 
H. Goelet, M. D., Professor of Gynecology and Abdominal Sur- 
gery, New York School of Clinical Medicine, New York, N. Y. 

Therapeutic Uses of Static Currents, by S. H. Monell, autlior 
of ''Treatment of Diseases by Electric Currents, and X-rays 
and Static Electricity,'' etc. 

Electricity in Diseases of Eye, Ear, Nose, and Throat, by 
Carl C. Warden, Ph. B., M. D., Professor of Anatomy and 
Operative Surgery, University of Nashville, Tenn. 

Electricity in Dentistry, by Levitt E. Custer, B. S., D. D. S., 
Lecturer upon Dental Electricity in Ohio College of Dental 
Surgery; Member of National Dental Association, etc. 

Technique and Physiology of Static and Other High- 
Frequency Current**, Technique and Physiology of Direct 
Currents, and Technique and Physiology of Coil-Currents, by 
W. F. Brady, M. D. 

All the Papers in the volume entitled Electrophysics, and, 
in addition, Physics of Roentgen Rays, Skiagraphy, Physics 
of Light and Cautery, and certain portions of other Papers 
were written by D. C. Reusch, M. K. The latter had the 
opportunity of studying electricity in the Dresden laboratory 
of Professor Toepler, the well-known inventor of tlie 
static induction-machine, now so extensively used in electro- 
therapeutics. 

The first two volumes may be said to constitute the founda- 
tion of this Course, and great pains have therefore been taken 
to make these as complete and clear as possible, for which 
reasons numerous novel methods and analogies have been made 
use of, not to be found in i)rint elsewhere. 



PREFACE. V 

The whole Course comprises eighteen InBtruction Papers, 
which are issued in bound volumes and in pamphlets. In this 
latter form they are supplied to students as they proceed 
through the Course. The bound volumes will make a desirable 
acquisition to any medical library, especially as a work of 
reference. 

The method of numbering the pages, cuts, articles, etc. is 
such that each Paper and part is complete in itself; hence, in 
order to make the indexes intelligible, it was necessary to give 
each Paper and part a numl^er. This number is placed at the 
top of each page, on the headline, opposite the page number, 
and to distinguish it from the page number it is preceded by a 
printer's section mark §. Consequently, a reference such as 
§ 3> P^g^ 29, would be readily found by looking along the hfsad- 
lines until §3 is found, and then through § 3 until page 29 is 
found. 

The Examination Questions are given the same section and 
numbers as the Instruction Papers to which they belong, and 
are grouped together at the end of the volume containing the 
Instruction Papers to which they refer. 
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NATURE OF ELECTRICITY. 

1. Electricity an Exact Science.— It has often been 
remarked that * -electricity is a mystery''; so it is, and so too 
are gravitation, heat, and light, for in none of these cases is it 
known exactly in what manner the energy acts on matter. But 
this does not make the science of these forces any less exact, 
nor does it necessarily mean that we are fumbling in the dark, 
nor that the laws of these phenomena may be upset at any 
moment by new discoveries. 

No one will say that astronomy is not an exact science; and 
yet the origin of that force upon the action of which all astro- 
nomical laws are based is yet to be explained. Notwithstanding 
all this, it has been possible to determine years ahead the 
transit of the planets, and within the fraction of a second. 
Nevertheless, our knowledge of the force of gravitation is far 
more limited than our knowledge of electricity. In the latter 
instance, it is possible to at least establish a current, to conduct 
it, and to regulate it at will. It is also possible to study the 
action of the current in all its possible combinations, and new 
discoveries are continually bringing us nearer to the solution of 
the question, **What is electricity?'' Not so with gravitation; 
while great progress has been made in other sciences, our 
knowledge about the inner nature of gravitation is no further 
advanced than it was ages ago, and no immediate progress is 
in view. 

As with gravitation, so it is with electricity; ignorance of its 
nature has not prevented the study of its action, and very exact 
laws have been established. By means of these laws we are 
enabled to predict beforehand, and without fail, what will take 
place under certain preiirrang(^d conditions. 

For uoticr uf copyright, fee page immedUUdy JiMowing the title page. 



2 DIRECT CURRENTS. § 1 

2. Currents of Electricity. — The popular impression is 
that electricity is something that flows along a wire; that it can 
be tapped and be carried away, if need be; that it is more or 
less a substance. Formerly, the phenomena of heat, of light, 
of magnetism, and of electricity were all supposed to be actions 
of fluids; even today we speak (^f currents of electricity and of 
magnetism. Though it is very convenient when speaking of 
various electrical phenomena to consider elcK;tricity as flowing 
from one place to another, it must not be taken too literally. 
It is more than likely that nothing happens that would compare 
at all with what we imderstand by the word current. 

By electricity we do not understand a substance, but a condi- 
tion. In the same manner, for inst^mce, when speaking of an 
object as being hot or cold, we do not suppose that any material 
substance has been injected into the object to change its 
temperature. Tliis was the belief in former days; at present, 
however, we know that tlie ol)jcct, as a whole, is unchanged, 
but that its molecules are in a dilTerent condition. Our senses 
happen to be so organized that we are able to distinguish the 
changes in these mol(»cular conditions without actual touch, but 
with electricity this is different. An electric conductor carry- 
ing a high-tension current cannot be distinguished from fvny 
other conductor until touched. If this were possible, many 
lives might have been saved. This comi)arison betwc^en elec- 
tricity and heat should not be taken to mean that electricity 
itself is a molecular phenomenon. The primal cause of an 
electric current may be molecular rearrangements; the vehicle 
through which electricity primarily acts; however, is not sup- 
posed to be the material molecules, but something else. What 
this vehicle really is we vm\ only guess at, as its (pialities are 
hypothetic. Without it we would bi^ at a loss to explain both 
the phenomena of magnetism and electricity, fus well as light, 
radiant heat, and gravitation. 

3. The Ether. — Science supposes that all s])a(!e, even 
between the molecules of a bodv, is filled with a medium called 
ether, which is supposed to be l,000,(X)r) times less dense than 
water and, therefore, would present no obstruction to the motion 
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of planetary bodien. To explain liow the ether is able to trans- 
mit the waves of light, it is supposed to be less compressible 
than water, when subjected to (\\x\ck vibrations. We must 
consider it tlie one universal medium, and that by its means all 
actions between separate bodies are carried on. In brief, its 
function is to act as a transmitter of motion and energy. 

If a bell is vibrating in a glass vessel, the sound can be heard 
from the outside; but if the vessel is put in communication 
with an air-pump and exhausted, the sound grows fainter and 
fainter as the vacuum increases, showing that the sound needs 
the air for its transmission. We find that a magnet enclosed 
in a glass vessel is just as active when the vessel is exhausted 
as when it is not. The filament of an incandescent lamj), 
although it glows in a vacuum, is visible from the outside of 
the globe, proving that air is not necessary for the transmission 
of light. Perhaps it may not be necessary to go further into 
the manifestations of the ether, yet more proofs of its existence 
may be given. For instance, the sun's rays of heat and light 
are transmitted through space, where it would be impossible for 
them to travel without the i)resence of some such medium as 
ether. It has also been noticed that an increase in the number 
of visible spots on the surface of the sun has a n)arked influence 
on magnetic needles, proving that the force of magnetism or 
electricity also travels through an apparently empty space. 

In summing up these remarks about electricity and ether, it 
must be admitted that science in its i)resent state is unable to 
inform us about the real nature of electricity. It is able to say 
what electricity is not and what it may be, and it is i)erhai)8 
near the truth to say that electricity is a peculiar state of matter, 
a certain condition of the ether. 
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EliECTRICAIi UXIT8. 



THE COULOMB. 

4. Electromotive Force. — In applying electricity to our 
daily needs, it is always a question of producing an electric 
pressure, not of producing electricity, which may be supposed 
to be already in existence. In the same manner, when it is 
desired to utilize water for power purposes, for driving mills, 
etc., we do not produce the water, as this is provided by nature. 
The water is led to our motors after having been put in such a 
condition that it will be under pressure and able to drive the 
motors. This might be done by first pumping the water into 
an elevated reservoir, thus placing it in a position that will 
enable it to return the work spent in pumping it up, usually 
by conducting it through a pipe to a waterwheel or turbine. 
But this would be useless expense and work, as in most cases 
nature has already i)erformed the work for us by depositing the 
water in elevated places in the form of lakes, etc., and all that 
is necessary is to provide a path for the water to reach our 
motors. 

With electricity this is not the case. Nature, in this instance, 
has provided no storehouse for us, and we are obliged to raise 
electricity to a higher pressure, or potential, before we are able 
to utilize it for our purposes. This may be done in various 
ways. On a large scale, as for instance, for lighting cities or 
supplying their trolley-lines with power, it is usually done by 
transforming the energy that is stored up in coal into heat under 
steam-boilers and transforming this heat energy into mechanical 
energy by means of a steam-engine. By letting the latter drive 
machines in which electric pressure is produced, such as dyna- 
mos, we are able to furnish a current of electricity for the 
various purjmses required. On a smaller scale, electric pres- 
sure may be produced by means of the voltaic cell, which will 
be fully described further on. Also, in this case, a combustion 
takes place, but here it is zinc and not coal that is the material 
consumed. When zinc, under ordinary circumstances, is 
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burned in oxygen, it will give out heat; when cmiBiimetl in a 
voltaic cell, however, by combining with the oxygen of the fluid 
contained in the cell, it will not ordinarily change its energy 
into heat, but into electric energy. It will be a source of elec- 
tric pressure. 

This pressure, or force, that sets electricity in motion is called 
an electromotive force, and it is the cause of all electric 
phenomena. To set water in motion through a pjpf , !"i excess 
of pressure must be caused somewhere in the pipe, that is, there 
must be a difference in pressure between the two places from 
and toward which the water shall flow. The same holilg true 
with electricity. It is also here a quealiou of producing a 




difference in j>re/«ure, or pnlentinl, that is, of raising the potential 
of a given quantity of electricity at one place to a higher value 
than the potential of another (juanlity at some other point, so 
that an equalization will tend to take place and a current of 
electricity will flow from the quantity of higher pressure, or 
potential, to that of lower potential, seeking to eliminate the 
difference of potential between the two quantities. 

Pig. 1 will illustrate this more fully. A and B are two tanks 
I partly filled with water and connected by the tube C If the 
1 water is on the same level in each tank, as indicated by the full 
f Hnes, it will be at rest and have no tendency to flow in either 
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direction; but if the tank /? is raised to the ix)sition indicated 
by the dotted lines, the conditions are changed, and the water 
has a tendency to again place itself at the same level. There 
will, therefore, be a flow from B toward A until balance is 
restored. If the water is prevented from flowing by placing a 
valve in the tube, there will still be a pressure at one end of 
the tube, and this will vanish only when the tank B is returned 
to its original position. Electricity under pressure behaves 
very much in the same manner. If a difference of potential 
has been produced between two quantities, or charges, of 
electricity, equalization will at once tend to take place; and 
if a flow is prevented by some means, a current will be 
established as soon as the obstruction has been removed. 
The cause of this flow — the electromotive force — has also 
been given other names such as difference of poteatialy pressure, 
teimon, and voltage. Electromotive force is usually abbreviated 
to E. M. F. A more complete exi)lanation of these terms will 
be given later. 

5. Quantity. — After it has been shown that an E. M. F. 
will cause electricity to flow from one place to another, it is 
important to ascertuin how much electricity is under certain 
conditions transferred. 

There is some similarity between the methods of measuring 
water and electricity, and it will simplify matters to first 
consider the method of measuring water. Suppose we have to 
pay a water company for the amount of water actually used. 
The (juesticm is then how to conveniently measure the amount 
delivered through the faucets. A primitive method would be 
to have a gallon-measure and count the number of gallons 
taken from the faucet. This would, of course, be a very 
inc^onvenient and impracticable method to carry out. Another 
way would be to measure the q}e€(l with which the water flows 
through the pipe, and from this calculate the (juantity, or 
number of gallons, that passes through. A water-meter could 
be so constructed that it would indicjite at any moment the 
number of gallons that flow per minute. If, for instance, 
the water were flowing for 6 minutes at a rate of 10 gallons 
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per Diinute, wo would know that 50 gallone had been received. 
Should tlie water- pressure have Ix^en reduced so that the water 
would flow more slowly through the pipe, the meter would at 
once indicate such change. We see, then, thai the met«r 
indicates the rn(f at which the water flows through the pipe, 
that is, it indicates the number of gallons passing through per 
second or per minute, as the case maj be. 

In Fig. 2, water is flowing through a tube A, and it is desired 
to ascertain by means of some device the rate at which the 
water is passing a given point, that is, the number of gallons or 
other units agreed on that will pass per minute or per second. 
If fa is a small vane projecting into the tube, supported in a 
manner that will allow it tu swin^ in the direction of the flow 
against the pressure of the spring », it will be possible to use 
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this device a» an indicator of the rate at which the water flows. 
The faster the water passes through the tul>e, the more pressure 
will it exert on the vane and the farther will the pointer p move 
downward over the scale d. If this meter be compared with 
some other meter that measures the numlier of gallons that 
have actually pai^Bed through the tulx' A in a given time, it 
will l>e possible to let the divisions on the scale d indicate the 
various rates at which the water may flow in so many gallons 
per minute. 

If, for instance, Uio |)oint«r indicates 5, it will l>e a 5-gallon 
Etream, meaning thereby 5 gall'ms per minute. Should tliis 
flow have been going on for 50 minutui, we would find the 
tiitul amount discharged by uiultiplyiiig 5 by 50, giving a 
product of 250 gallone. The indicator will not alone shttw us 
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the average rate of flow, but will also indicate any sudden 
variations in the same. For instance, if the strength of the 
current should suddenly increase to 10 gallons per minute, such 
a change would at once be indicated by the pointer. 

In an electric circuit, we have somewhat similar conditions. 
It may, in one case, be desirable to know the quantity of elec- 
tricity that flows through a wire, irrespective of time; at other 
times, it may be necessary to know the rate of flow either at any 
particular moment or for a longer period. 

6. Definition of Coulomb. — The electrical unit of quan- 
tity is the coulomb. It signifies a certain quantity of elec- 
tricity, either at rest, distributed over the surface of some 
substance, or in motion along a wire. For the present, we 
shall consider the coulomb simply as the unit quantity of elec- 
tricity flowing along a conductor. It should here be emphasized 
that when speaking of a coulomb no reference is made to time, 
that is, to the time it rccjuired to flow from one point in the 
circuit to anotht^r; we simply refer to a certain quantity. 
Similarly, when speaking of a gallon of water, we do not have 
any reference to the time it rtMjuired to be poured out. 

In onhr to give some idea of the amount of work a coulomb 
of electricity can accomplish when it, for instance, is sent 
through a li(iuid, further on we will describe the action of an 
electric current while passing through an instrument called a 
voliainctcr. This should not, by any means, be confounded 
with a voltmeter^ which serves an entirely different purpose. 



THE AMPEUE. 

7. Halo of FloAv.— Ordinarily it is of less interest to us 
to know how many coulon^bs are transferred from one place to 
another than the raU at which these coulombs have been flow- 
ing through the conductors. As the unit rate of flow of elec- 
tricity, the ampere has been chosen. When 1 coulomb passes 
a given point during 1 seccmd of time, it is said that the rate of 
flow is 1 ampere. One ampere being 1 coulomb per second, an 
instrument that measures current-strength in amperes would 
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indicate coulombs per second in the same manner as the device 
in Fig. 2 indicated gallons per minute. 

8. Ammeters. — Instruments that measure amperes are 
called ammeters, and will be more fully described later. 

In electrotherapeutics, currents of very small strengths are 
used and an ampere, as unit, would be too large. It has there- 
fore been found more convenient to use yttVit ampere as a unit, 
and this is called a milliampere. 

It is now clear that if we divide the quantity in coulombs 

by the time in seconds, the quotient will give the strength in 

coulombs ^ , ^ 

amperes; or, -^ — = amperes. Or, let c = amperes; 

Q 
Q = coulombs; and t = seconds; then, c = — . 

v 

Example. — If. in a conductor, 100 coulombs pass a certain point in 
5 seconds, wliat is the current-strength in amperes? 

Solution. —Applying formula, c = -, we get -_ = 20 amperes. Ans. 

* o 



THE OIIM. 

9. Resistance. — An electric current does not pass with 
the same facility through all substances. It seems that various 
substances possess a certain obstructive quality and that the 
current meets with more or less opposition, which it has to 
overcome. In some substances this resistance, as the quality 
is termed, is very small; while in others it may be so great 
as to prevent a flow altogether. Substances of the latter class 
are called insulators; those that freely conduct the current 
are termed conductors. Other substances stand midway 
between these two classes and may be termed semi-conductors or 
partial conductors. Strictly speaking, there is no perfect con- 
ductor and no perfect insulator. All conductors offer some 
opposition to a current-flow, be it ever so small; and all 
insulators pennit some current to pass when the pressure is 
sufficiently high and their surfaces not free from dust and 
moisture. 

Among good covdu^ctors are included silver, copjxT, and the 
other metals, also carbon and water when acidulated. As})artud 
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conductors may be named the human body, cotton, dry wood, 
marble, and paj)er. Among the n/m-conductorSy or vimlatorSy are 
oils, porcelain, wool, silk, resin, gutta-percha, shellac, hard 
rubber, paraffin, glass, quartz, and air. 

10. Relative Resistance.— For the purpose of affording 
a l>€tter comparison between the resistances of the various con- 
ductors, a piece of each substance has been taken and its 
resistance ascertained. A piece corresponding in dimensions to 
that of 1 cubic inch was selected for this purpose. In Fig. 3, a 
would correspond to the l^^ngth and be 1 inch and b would be 
its cross-sectional area of 1 square inch. The electric current 
would How from the surface h through a length of 1 inch to the 
other surface c. 

We will presume for the time being that the current- strength 
would vary in accordance with the resistance of the substance 

and that by these means one might receive 
an idea as to the relative resistance of the 
substance. But it would be very incon- 
venient when speaking of the resisUmce of 
one substance to alwavs have to refer to 

I- — a i some other substance in order to form an 

Fi(}. 8. idea as to its real resistance. It was there- 

fore found necessary to select some unit resistance with which 
all other resistances could be measured. 

1 1. Definition of Ohm. — For this purpose, the resistance 
of a column of mercury of a given length and cross- sectional 
area has been chosen. Tlui dimensions of the column exi)ressed 
in inches are as follows: Length, 41.7o23 inches; sectional 
area, .00155 sc^uare inch. When this unit was established, 
the dimensions were given in centimeters and square milli- 
meters, the length l>eing 106 centimeters and sectional area 
1 square millimeter. In either case, the tem])erature of the 
column should be that of freezing water. This standard 
resistance is called the Uyal ohm^ or simply ohm, and it is the 
unit resistance that is used in all measurements. 

In cases where the resistance is very small and where it 
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would be inconvenient to use fractiouB of an ohm, it is advan- 
tageous to use a smaller unit, such as a microhm, which is 
TJnriirinr o*^™- W, again, the resistance is very high, as with 
insulators, then it is customary to use the megohm as a unit; 
it is equal to 1,000,000 ohms. 

12. Speclllc Resistance. — The electric resistance of 1 
cubic inch of various materials are given in the following table. 
They are not expressed in ohms, but in microhms, the resist- 
ance of 1 cubic inch being so small that for some materials it 
amounts to even less than 1 microhm. These resistances are 
termed specific resistances. The table also gives the relative 
resistances of the same substances, when the resistance of silver 
has been selected as unit resistance. 



TABLE I. 



Name of Metal. 



Silver, annealed . . 
Copper, annealed 
Silver, hard-drawn . 
Copper, hard-drawn 
Gold, annealed . . 
Gold, hard-drawn 
Aluminum, annealed 
Zinc, compressed 
Platinum, annealed . 
Iron, annealed . . 
Nickel, annealed . . 
Tin, compressed . 
Lead, compressed 
German silver . . . 
Antimony, compressed 
Mercury .... 
Bismuth, compressed 



Kesietance of 1 
' CubicInchatO^C. 
Microhm. 



lielntive Resist- 
ance to Silver. 



.5921 


1.000 


.6292 


1.063 


.6433 


1.0S6 


.6433 


1.086 


.<S1()2 


1.369 


.8247 


1.393 


1.1470 


1.935 


2.2150 


3.741 


3.5050 


6.022 


3. H250 


6.460 


4.9070 


S.285 


5.2020 


8. 784 


7.72SO 


13.050 


S.2400 


13.920 


13.9800 


23.(iOO 


37.1500 


62.730 


51.(i500 


S7.230 
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We see from this table that it makes quite a difference what 
substances are selected for the material of an electric conductor. 
For instance, if a conductor of hard-drawn copper, having a 
specific resistance of .6433 microhm, be replaced by one of 
annealed iron, the specific resistance of which is 3.825 microhms, 
we find that the latter has a resistance about six times greater 
than that of the former. 

It may be interesting at this point to give the relative resist- 
ances of the constituents of the human body. When the 
specific resistance of the muscles is considered as unit resistance, 
the other parts will have relative resistances as given in the 
following table compiled by Eckhardt: 

Muscles .... 1.0 

Nerves 1.6- 2.4 

Cartilage . . . . 1.8-2.3 

Tendons . . . 1.8-2.5 

Bone 16.0-22.0 

13, Variation of Resistance With Lien^h. — In 

determining the resistance of a conductor, various factors have 
to be considered. The resisUince depends not only on the 
material of which it is made, but also on its length, cross- 
sectional area, and temperature. 

If we add another cube behind that shown in Fig. 3, so that 
the electric current has to pass through two cubes, it will be 
easily understood that the resistance must be doubled, and that 
the resistance will continue to increase in direct proportion to 
the number of cubes in one series. We deduct from this the 
law that the resistance of a conductor is directly praporti anal to its 
Ungth, For instance, if we have two pieces of copper wire of 
the same diameter, one 25 and the other 50 feet long, the latter 
would have twice the resistance of the former. 

To find the resistance of a conductor when the resistance of a 
certain length of the conductor is known: 

I^t r, := known resistance; 

r, = resistance that it is desired to find ; 

/yj = the length, the resistance of which is known; 

/y, = the length, the resistance of which is to be found. 
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Then, since the resistance of a conductor is directly propor- 
tional to the length, we have 

Tj : r, = Lj : L„ or r, = -^ — -, . 

Note.— The two lengths should always be reduced to the same unit. 

Example 1. — Find the resistance of 1 mile of copper wire, if the resist- 
ance of 10 feet of the same wire is .013 ohm. 

Solution. — rj = .013 ohm; L, = 10 feet; and X, = 5,280 feet. 
Therefore, 

.013 : r, = 10 : 5,2B0, or r, = i213X_5^ = 6,864 ohms. Ans. 

Example 2.— Find the resistance of 11 inches of a German-silver wire, 
the resistance of 100 feet of the same wire being 2.4 ohms. 

SoLiTioN.— r, = 2.4 ohms; A = 100 X 12 = 1,200 inches; L, = 11. 
Therefore, 

2.4 : r, = 1,200 : 11, or r, = ^y^^ = -022 ohm. Ans. 

14. Variation of Resistance With Cross-Sectional 
Area. — The resistance of a conductor depends not alone on its 
length, but also on its cross-sectional area. If this area is 
increased^ the resistiince is decreased^ and vice versa. We can 
understand that if a current of water flows through a narrow 
tube at the rate of 1 gallon per minute, the frictional resistance 
must be correspondingly reduced if we provide an additional 
tube so that only J gallon is compelled to pass through each 
tube per minute. If these two tubes are joined into one tube 
of a correspondingly increased diameter, the resistance now 
offered to the flow of 1 gallon per minute would be greatly 
reduced compared with the smaller tube previously used. 

We may suppose that the cross-sectional area of an electric 
conductor influences the flow of an electric current in a similar 
manner and that the resistance of a given conductor' diminishes m 
its sectional area increases; that is, the res'istance varies inccrscb/ 
as the sectioncU area. 

To find the resistance of a conductor when its sectional area 
is varied and other conditions remain unchanged : 

Let r, = original resistance; 

r, — required resistance; 
a, — ; original sectional area; 
a, =-- changed sectional area. 



r,a, 
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Since the resiHtaiice varies inversely as the sectional area, 

r, : r^ = a, : a„ or r, = 

Example 1. — The resistaiicii of a conductur, the tsectional area of 
wliich in .025 square incli, is .32 ohm; wliat would be t)ie resistance 
of the conductor if its sectional area were increased to .125 square inch, 
other conditions remaining unchanged? 

SoLiTTioN.— r, — .32 ohm; a, -- .025 square inch; and a, = .125 
square inch. Therefore, 

.32 : r, = .125 : .025; 

.32 X .025 ^. . , . 

or, r, = z — — .0(>4 otim. Ans. 

ExAMi'LK 2. — Tlie sectional area of a conductor is .01 square inch, and 
its resistance is 1 ohm; if its sectional area is decreased to .001 square 
inch, and other conditions remain unchanged, what will be its resistance? 

Solution. — r, -- 1 ohm; a, - .01 square inch; and a, ^^ .001 square 
inch. Therefore, 

1 : r, t^ .001 : .01; 

1 X .01 ,,, , , 

or, ^2 -" (wii" ~ 10 ohms. Ans. 

Since the sectional area of a round conductor is proportional 
to the S(juare of its diameter [sectional area — (diameter)' 
X .7854], it follows that the resistance of a round conductor is 
inversely proportional to the square of its diameter. 

Let r, = original resistance; 

r^ = re(]uired resistance; 
cfj -~ original diameter; 
d^ rr_- changed diameter. 

r (r 

Then, r^ . r^^ d^ : f/,*, or r, — ' J . 

Example 1. — The resistance of a round copin^r wire .12 inch in diameter 
is .04 ohm; find the resistance of the conductor when its diameter is 
increased to .24 inch, the other conditions remaining unchanged. 

Solution. — r, — .()4 ohm; c/j = .12 inch; and (/„ = .24 inch. Tliere- 
fore, 

.04 : r,.-.24*: .12^ 

.64X.12' .r>4X.0144 .,. , , 

or, r, = --jT^— = — 0570— = '^^ ^*^"^' ^^"«- 
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MPijt 2, — TJie diftnieter of » tounil wire ih 1 incli, and ila rcHiBt- 
B 2 olims; wliot would be iti> roHietanCti if ile diameter were 
^decreased to ,02 incli and tlit.' other uonditi'init remain unchanged? 

BoLunoM.— T, — 2 ohniBi '() = 1 inch; and rf, = .02 incli. Therefore, 
2: r,-.02': .1'; 
2X I'^Z^X .01 
TOOOT^ 



= -n^»- = ™ "I'fB- 



1 5. Variation of Resistance With Temperatnre.' 

iThe resistance of a conductor is not llie same at nil tempera- 
Iturcs. All conductors made of unalloyed metals incrc.'me in 
^reeietnnce by an increase in temperature. This ivicreaw 
Ismounls to about .4 per cent, for each degree Fahrenheit. 
KFor instance, if a copper conduetor hoe a resistance of 1 nhm 
ind its temperature has risen 1° F., its resistance will have 
(increased to 1.004 ohms. I5y raising the temperature 100° F. 
B rGsifllanee would be 1.4 ohms. 

Some metallic alloys used for resistance-coilEi sufTer little 
lincreaee in resistance when warm, and some of them, notably 
Boanganin, actually decrease in resistance. Liquids, carbon, 
md india-rubber decrease in resistance when heated. 

16. Variability of Resistance. — One important feature 
F the eUclric resistance is that it romains constant during any 

rsriation in current-strength, provided the temperature of the 
ionductOT is unchanged. If, for instance, the resistance of a 
conductor is 20 ohms while a current of 5 amperes is passing 
through it, the resistance will still be 20 ohms whether the 
current-strength be increased to 100 amperes or lowered to 
5 milliampcres. 

This rule does not hold true for semiliquid conductors as the 

luman tissues. Here it is found that after the current has 

n applied to the body for a certain length of time the resists 

will liftTiviKf up to a certain point. For example, the 

e through a part of the body was at the start found to 

I ohms, but after the current had been (lowing for a 

riod of 6 minutes the resistance had decreased to 2,070 

In another instance, the resistance was 4,140 ohms. 

irhich fell to 1,610 ohms after 9 minutes. 

t It ia not alone a prolonged application of the current that 
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will decrease the resistance; an increase in current-strength 
will have a similar effect. For instance, at a current-strength 
of 2.75 milliamperes, the resistance was 1,330 ohms, which 
resistance fell to 1,145 ohms when the current was increased 
to 18.5 milliamperes. 

THE VOLT. 

17. Effect of Variation in Pressure. — We have so far 
considered the unit of quantity, the unit of current-strength, 
and the unit of resistance, respectively, the coulomb, the 
ampere, and the ohm. There remains a fourth fundamental 
unit, the volt. 

In a conductor of a given resistance, it is possible to vary the 
current-strength within very wide limits by simply varying the 
electric pressure, or electromotive force. By doubling the pres- 
sure, we will also double the rate of flow. If, on the other 
hand, the pressure is constantly decreased, the current-strength 
will also decrease, so that when the pressure has fallen to zero 
the flow has ceased altogether. A conductor with a resistance 
of 1 ohm requires a definite and invariable pressure, or electro- 
motive force, to send a current of 1 ampere through it. This 
pressure has been chosen as the unit of pressure and has been 
termed 1 volt. 

In electrotherajHHitics, it is customary to consider 1 milliam- 
pere as the unit of current-strerigth, as one has to deal with 
small currents and high resistances. One volt would be the 
same in either case, but it may be more convenient for the 
physician to consider 1 volt as the pressure that will send a 
current of 1 milliampere through a resistance of 1,000 ohms. 

18. Ohni^s Law. — As the relation between the three units 
volty ampere^ and ohm forms the foundation for all calculations 
relating to current-strength, pressure, and resisttince, it is 
important that this subject should be well understood. These 
three factors — amperage, voltage, and resistance — are so closely 
related to one another that we cannot change one without 
aflPecting one of the others. A few simple illustrations will 
explain this. 

Suppose we have a conductor with 1 ohm resistance and 
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exposed to the pressure of 1 volt. From what was said above, 
we know that the curretit-Btrength will then be 1 ampere. 
If we now increase the pressure to 2 volts, the current- strength 
will evidently increase to 2 amperes. Any increase in voltage 
will be followed by a corresponding increase in amperaga 
From this we may formulate the law that in a conductor of 
constant resistance the current-strength will vary at the same 
rate as the pressure varies. Or, stated more concisely, m a con- 
ductor of constant registunce, the current-atrength is directly jtropor- 
lionat lo Ike preimirr. 

Let UH next suppose that the pressure is constant and that 
the resistance is varied. It is clear from what has been said 
previously that the greater the resistance, the more pressure is 
required to force the current through the conductor. It follows 
from this that if we are unable to change the pressure, an 
increase in resistance will diminisk the amperage. Again, 
selecting the conductor with 1 ohm resistance as an illustration, 
in which n pressure of 1 volt caused a flow at the rate of 

1 ampere, let the resistance now be increased to 2 ohms. 
Evidently, the pressure of 1 volt is now unable to force a 
current of more than one-half the strength through the con- 
ductor and the amperage is therefore J ampere. If we wish 
lo increase this amperage, we must reduce the resistance. 
By making the latter J ohm, the current will increase to 

2 amperes. We conclude from this that an increase in resislance 
is followed by a deerease in amperage, provided the pressure 
remains constant. 

In formulating a law that would apply to these conditions, we 
may say, that in a conductor where the jtreneure is -constant Ae 
ewrent-slrength oarien inversely as the resistance. In these com- 
binations, we have assumed that only two factors varied at one 
time, it being more easy to trace the results; but it is obvious 
that all three may vary simultaneously. In that case, it would 
be somewhat inconvenient to find the final result, and it is 
therefore necessary to here explain the use of Ihe so-called 
Ohm's law, named after Dr, (). S. Ohm, who first stated it, 
by means of which all problems of thia nature may be easily 
solved. Ohm's Inn- in ita fundamental form is as follows; 
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The (nirrerU varies directly as th^ electromotive force and inversely 

as the resisUmce of the circuit. 

Stating this in the form of an equation, we would say 

^ ^ .» electromotive force 

current-strength = . . 

resisUince 

Or, if we let some symbol represent each of these factors, the 

E 
ec|uation would be: C= -^. This is the usual form, in which 

C= current-strength in amperes; 

E:= electromotive force in volt<»; 

R ~- resistance in ohms. 

The ecjuation may also be used in the following form: 

volUs , , ^ 

amperes ^^ , — . (1) 

'■ ohms 

Transforming the factors, the law may also read: 

. volts 

ohms :^ - . (z) 

amperes 

or, volts -- amperes X ohms. (3) 

Equation (1) determines tlic strength of current that will 
(low in a conductor of a given resistance, when the pressure in 
volts is known. 

ExAMPLK 1. — If i\w n^sistance of m part of the body is 1,200 ohms and 
tlie electric pressure throu^li saiin? is (>() volts, wliat.will Ih' the current- 
strength through same ill inillianijH'res? 

SoLiTioN. — Applying etpiation (1), amiieres - . — ; hence, amperes 

en 
■=^ ----- — .05 ampere = 50 inilliani[M'res. Ans. 

Note. — For those who prefer to carry out their calculations without 
using decimals and wisli to receive tlie aiiMwer directly in milliamiK^res, 
it will simplify matU^rs to add tliree ciphers to the number of volts 
given. For instance, the above example would Ik» solved as follows: 

amperes = '-- =- 50 millianq)eres. Ans. 

ExAMTLK 2. — If the pressure through part of an arm is 15 volts and 
the resistance is 3, (XX) ohms, how many millianqx^res will flow? 

SouTTioN. — Amperes , ., ^w. - .(X)oamix;re — 5 milliamperes. 

ohms .i,(XK) 4,,_ 

' Ans. 

Or directly in niilliami)er(;s: .1 ' ^^ -- 5 milliami>en»s. Ans. 
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£x AMPLE 3. — The E. M. F.' of a buttery is 70 volts. It is found that 
a current of 25 inilliainperes — .025 ampere pasHes through a patient; 
what is the reuistance of the whole circuit? 

Solution. — According to equation (2), ohms = — ; lience, „,,^ 

^ ^ amperes .026 

= 2,80()ohm8. Ans. 

When the current-strength is indicated in milliamperes then the 

70 000 
solution will be: —\,£ — ~ 2,800 ohms. Ans. 

NoTB. — To find how much pressure it will require to force a current 
through a given resistance, it will be necessary to use equation (3). 

Example 4. — How much pressure will it require to force a current of 
60 milliamixires through a given part of the body, the resistance of 
which is 2,000 ohms? 

Solution. — Equation (3) states that volts = amperes X ohms; hence, 
.05 ampere X 2,000 ohms = 100 volts. Ans. 

Note. — If it is preferred to give the current-strength in milliampteres 
direct, tlien 3 ciphers must be deducted from the number of volts given 
in the answer. For instance, 50 millianiperee X 2,000 ohms == 100,000 
= 100 volts. Ans. 

TIIK JOULE. 

19. Unit of Work. — To set a current of water flowing, it 
18 necessary to perform a certain amount of xoorh. In Fig. 1 it 
was seen that the tank B would have to be raised to a certain 
height before the water would run, and it is easily seen that the 
position of the tank determines the pressure and strength of 
the current; that is to say, the greater the height, the greater 
the pressure. But to raise the tank recjuires an expenditure of 
work; that is, a given weight in pounds must be lifted through 
a distance of so many feet. In mechanics the amount of work 
done is determined by the distance through which the force 
acts. The unit of work is the foot-pouiicl; it is the work 
done in lifting 1 pound through a vertical distance of 1 foot. 
Multiply the force in pounds by the distance in feet, and the 
product is the work in foot-pounds. When we lift a weight of 
200 pounds through a vertical distance of 2 ft^et, we perform 
400 foot-pounds of work; shouhi we lift 400 pounds only 1 foot 
high, the result is still 400 foot-pounds, as before. In fact, it is 
immaterial what relation the two factors have to each other, so 
long as their product ei^uals 400. 
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In sending a current of electricity through a conductor, work 
is done in a similar manner. We have seen that the unit 
quantity of electricity is a coulomb; if a pressure of 1 volt 
forces a quantity of electricity of 1 coulomb through a con- 
ductor, one unit of work has been expended, and this unit is 
called a Joule. One joule is equivalent to .7373 foot-pound, or 
1 foot-pound is equal to 1.356 joules. 

Therefore, to find the amount of electrical work performed in 
joules, it is necessary to multiply the quantity of electricity 
in coulombs that has passed in the circuit by the pressure 
in volts. 

Let J^= number of joules; 

E^^ pressure in volts; 

Q =^ number of coulombs. 
Then, J=QxE. 

Example 1. — Find the amount of work done in joules when 30 
coulombs of electricity is being forced through a conductor with a pres- 
sure of 10 volts. 

Solution. - J Q X E --- 30 X 10 -^ 300 joules. Ans. 

NoTK. — It was sliown that an ani^K^re means 1 coulomb per second; 
when, therefore, thecurrent-vStrengtli in amperes, the time during which 
the current Hows, and tiie pressure are given, it is possible, from these 

it^ms, to calculate the work in joules. 

Example 2. — Find tlie amount of work performed in joules when a 
current of 15 amperes flows for \ hour under a pressure of 30 volts. 

Solution. — Reducing the time to .':ieoonds gives 30 X ^ = 1,800 sec- 
onds; 15 amperes mean 15 coulombs per second; therefore, 15 X 1,800 = 
27,000 coulombs, nmltiplied by 30 volts, gives 810,000 joules. Ans. 

THE WATT. 

20. l*ower. — It must be borne in mind that, when speak- 
ing of work })erforrned, tlvie does not enter as an element. 
This is important, as many confusing stat<;ments result from 
speaking of time in connection with work. No mention was 
made of time when we were speaking of foot-pounds, coulombs, 
or joules, and purposely so, in order to avoid confusion. It 
makes no difference whether it takes 1 year or 1 minute to 
perform a given amount of work; the work in either case is of 
the same magnitude. Neither does it make any difference 
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whether the quantity of electricity in coulombs forced through 
a circuit by a certain number of volts requires 1 minute or 
1 hour to pass. In either case, the work performed is the same. 

But when we speak of the rate of doing work, or power, that 
is an entirely difiFerent matter; a sharp distinction must be 
made between work and power. In daily life, these terms are 
used with the understanding that they mean the same thing; 
force, even, is supposed to be identical with power. Let it, 
therefore, be repeated that if a force acts through a certain dis- 
tance it performs work, and that power is the rate at which this 
work is performed. 

For instance, a boy may be able to do a certain amount of 
work in pumping water out of a well. If time does not have to 
be considered, he may be able to serve the purpose; but if it is 
necessary to get the water out in the shortest possible time, 
it is evident that a strong man is required. Why? Because he 
has more pouter at his disposal and is able to perform the work 
at a quicker rate. The rate at which two machines perform the 
same amount of work is proportional to the time expended. 
The unit of power in mechanics is 1 foot-pound per minute. 

21. Rule for Finding: the Power. — The power of a 
machine may always be determined by dividing the work it per- 
fomui in foot-pounds by Oie time in minutes required to do the xoork. 

Let P= power in foot-pounds per minute; 

F^ force in pounds; 
D = distance in feet; 
T=^ time in minutes. 

Then. P=^^. 

ExAMPLR —If a machine performs 10,000 foot-pounds of work in 
10 minutes, what is its power in foot-pounds per minute? 

Solution.— Applying the txiuation for power, we have 

„ FX D 10,000 , ^w .t- 

-r = — rp -■■- —' -■= 1,000 ft.-lb. iM^r min. Ans. 

22. Unit of Power. — We saw, in measuring work per- 
formed by electricity, that the joule was the unit used. When 
time has to be considered, it is customary to use the second only. 
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The unit of power used is therefore the joule-per-second, or the 
watt. As 1 joule is 1 coulomh X 1 volt, and as 1 watt is 

, X 1 volt, it follows that 1 watt is 1 ampere X 1 voU. 
1 second 

since 1 ampere is 1 coulomh per second. Therefore, when 1 volt 

causes a current of 1 ampere to flow in a circuit, electrical work 

is p(Tformod at the rate of 1 watt. 

Useful working formulas are as follows: 1 volt X 1 ampere 

= 1 watt, or the unit of electric power. 1 volt X 1 ampere X 1 

second - 1 joule, or the unit of electric work. 

2«{. IIoi-sc»po\vor. — The units, foot-pouruh per mintUe and 
wnttfi^ are too small when largo machines are imder consideration. 
A larger unit is therefore desirahle, and for this purpose 33,000 
foot-i>ounds })er minute has heen chosen and called 1 horse- 
power, that being the power a strong liorse is ahle to develop 
for a short time. It recpiircs 14C} watts to make 1 horsepower; 
that is, 74f) wattes is e<jual to 88,000 foot-})Oun(ls per minute. 

In many eases it is preferable in place of a horsepower to use 
the kUowdtl as a unit. 

1 kilowatt-:: 1,000 watts. 

Uiilc*. — To express the rate of do in (j eJectriatl work in hxirsepower 
wnifs^ Jind the nundhf n/" irnlfs oi\d divide (he result by 746, 

Let W j)()wer in watts; 

II. P. -the horsepower. 

W 



riien, H. P. 



7ir. 



Kxami'm:. When a prcHsure nf 50 v(»Iih causoH a current of .SO amperefi 
to pass thi'onuh a clrcnit, ('/) ln>w inncli power is Kupiired in watts? 
(/i) !iow much in lioiwpower? 

SoMTioN. — {(I) Since the power in watta is tlie product of the volts 
and aniiKMcs, w«* have r>0 v •><> l,r)(X) wattH. An.s. 

(h) From the formula II. I'. - ^"-, we j,'et ^('^^^ 2.01 II. P. Ans.' 

24. I'liit Abbrevlation.s. — When using Ohm's law, it is 
customary, for the sake of convenience, to use the terms volts, 
ohms, and .am[)eres in an ahhreviated form; thus, volts, pressure, 
or electromotive fonu? are represented hy the letter E] ohms, or 
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resistance, by the letter R] and amperes, current-strength, or 
current- vol nine, by C In the following pages, Ohm*s law will 
be represented by these letters, and in its three variations will 
appear as 

C=^]R = ^;tindE=RX C. 
K C 

Power in watts will be TF= ^ X C; but can also be expressed 

by the two following equations, viz. : 

W=C'XR)ox W=%. 

H 

ExAMi'LB 1. — If a current of 50 aiiiixres Ih forced throngli a reeiHtance 
of 40 oliins, what power iu expended? 

Solution.— Applying the formula fK— C X -R, we liave 

JK = 50 X 50 X 40 = 100,000 watts, or 134.05 II. P. Ans. 

ExAMPLK 2. —If 3,000 volts pressure is supplied to a circuit of 6 ohms 
resistance, what power is needed in horst^ power? 

E"* 
Solution. — From tlie formula IV— ,,-, we have 

i\ 

3,000 X^OCX) _ 9,(K)0,000 

"6 " " ' (>" • 

Dividing by 74(>, to reduce U) horsepower, we have 

'6^7?0^ = 2,011 H. P., nearly. Ans. 



PllODUCTlON OF ELECTltOMOTIVE 

FORCE. 

25. Devices for Creatln|>: E. M. F. — We have seen that 
certain conditions have to be fulfilled before a current of 
electricity is established. We know that it nee^is the creation 
of an E. M. F., a conductor to transfer the electricity from one 
place to another, and further, that this conductor must be of a 
certain material and cross-sectional area to fulfil its purpose in 
a satisfactory manner. It will now be necessary to describe the 
means for producing an K. M. F. 

There are various devices for creating K. M. F. , but all of 
them are not of the saint» iniportiinee. Some are rarely used 
for electrical purposes, and never in therapeutics. It will not 
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be necessary, therefore, to describe them in these pages, and 
they will be mentioned only as possible sources. Their classifi- 
cation may be as follows: 

1. Those producing an E. M. F., by means of chemical 
action, such as voltaic, or primary, or galvanic cells and 
secondary cells. 

2. Those producing an E. M. F., by means of mechanical 
energy; for instance, dynamo-electric machines and electrostatic 
induction-machines. 

3. Those utilizing radiant energy, as light and heat, for 
the production of an E. M. F. ; as, for example, the thermo- 
electric cell. 

4. Animals and plants. Instances of animals are the torpedo 
and gymnotus. The roots and interior parts of trees are found 
to be negatively, and flowers, smaller branches, and fruits to be 
positively, electrified. 

The first two classes only need be considered, and as the 
second class cannot be understood until after the subject of 
electro-njagnetism bus been studied, we will at present limit 
our discussion to the first class alone. 



PUIMAHY AND SECONDAHY CEL.I.8. 

20. Simple Voltaic Cell. — If a jar is filled about three- 
fourths full of water to which 5 })er cent, of sulfuric acid has 
been added, and a strij) of zinc is partially inserted in this 
solution, it will be found that the zinc is at once covered with 
bubbles of some gas, which eventually release themselves and 
oonie to the surface. At the same time, it will be noticed that 
the zinc is eaten away and that it grows thinner and thinner. 
If a strip of copper is also inserted into the solution without 
touching the zinc, no difTerence is noticed. Now let the two 
strips touch each other outside the liquid and a great change 
will be seen at once. A large number of bubbles is now also 
formed around the co])})er, from which they also rise to the 
surface, while the zinc continues to develop gas as l>efore. 
This gas, when collcHjted either from the copper or zinc plate, 
will be found to be the same and to be hydrogen. 
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It the zinc is removed Irom the liquid and some mercury 
nibVied on its surface by means of a rag, the Hiercury will com- 
bine with the zinc and form an amalgam. When it is again 
replaced in the liquid, it is found that no gas bubbles will 
be formed on it but solely on the copper. 

We have here to do with an elementary voltaic cell in 
which the copper and zinc strips constitute the two voUaii: 
elemenUi: when taken collectively they are known as a voltaic 
couple. The ftaid solution, or any other compound chemical 
substance in solution which undei^oes a decomposition when 
traversed by an electric current, is called an electrolyte, 

A simple voltaic, or galvanic, cell of thi^ kind is illustrated 
by means of Fig. 4, in which A is 
a glass jar and Z and the two 
elements, respectively, zinc and 
copper, inserted in acidulated 
water, The two elements are 
here shown separated and each 
has attached to ite upper end a 
ehort length of wire that can be 
connected to each other or to 
an ammeter or any other instru- 
ment that will indicate the pres- 
ence of an electric current. Such 
an instrument will show that a 

current of electricity is constantly flowing from the copper to 
the zinc, as indicated by the arrow in the figure. 

A voltaic batt«ry is a number of simple voltaic cells prop- 
erly joined together. 

The terminals of a cell are the parts of the plates outride of 
the electrolyte. 

It should be remembered that the polarity of that end of the 
plate or voltaic element which is acted on by the electrolyte 
is always of opposite sign to its terminal. For instance, in the 
case of the zinc-and-copper couple, the terminal of the zinc 
plate, or thai part outride of the electrolyte, would be spoken 
of ss the neffiUive teniinat, while that part of the copper plate 
Oatside the electrolyte would be spoken of as the jiositive 
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terminal. When mention is made of the positive or n^ative 
pole of a cell, reference is always made to the exposed parts of 
the elements, and no attention is paid to the submerged parts. 
The symbols -f- and — refer to the parts of the elements not 
contained in the electrolyte, and are always of an opposite sign 
to the parte submerged in the electrolyte. 

27. Liocal Action. — It must be rememl>ered that a current 
will be established between the elements of a voltaic cell only 
when they are in direct contact or connected by means of an 
outside conductor. We saw that wherever a difference of 
potential exists there is a tendency to eijualization by a flow of 
electricity from the higher potential to the lower. It follows 
from this that after a time the potential of both elements would 
be the same and no current would How; but, fortunately, 
chemical action sets in as soon as the potential difference is 
lowered, and innnediately brings it up to its initial value. We 
should suppose from this that on disconnecting the exterior 
conductor, that is, on opining the circuit, all chemical action 
would cease, because no tentlency cxistinl to lower the potential 
diiTerence. Such woiiKl be the case if the zinc were j>erfectly 
pure, but, as commereial zine is ordinarily mixed with particles 
of iron, arsenii", and other metals, the conditions are altered. 
By consulting the electromotive series, which is given later, it is 
ol)served that iron is half way betwet^i zinc and copper, and 
that a ditTerenee of potential will be produeed between them 
which, though not as high as in the former ease, will be suffi- 
cient to start a current. In oilier words, there will be a local 
action; that is to say, currents tlow between various placvs on 
the same plate. As these currents il«> not manifest themselves 
outside the cell, they will evidently waste the zinc to no purpose, 
both when the eireuit is open and when it is closed. This 
explains why the zinc plate in Fig. 4 is attacked by the acid in 
the absence of the Ci>pper plate. Tliere is then a local action 
all over the plate, caused by the various impurities existing 
in the zinc. 

28. Anial^aniiition. — T«> prevent this Wal action, the 
zinc is submitted to a process calleilaiualgraniatlon. IW this 
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means the iron is separated from the zinc and made harmless. 
Before amalgamating the zinc it is first dipped into an acid bath, 
which removes all impurities from the surface; then a little 
mercury is poured over it and rubbed into the surface with a 
rag or a piece of galvanized iron. When finished, the surface 
should be as bright as silver. Another way to amalgamate the 
zinc is to immerse it in an acid solution of mercuric nitrate. 
The zinc unites with the mercury, and the result, by either 
method, is that the whole surface is covered with a pasty 
amalgam. The iron does not participate in this combination, 
but remains undissolved and appears on the surface of the 
amalgam as small particles, and, as soon as the cell begins its 
action, they are carried away by the hydrogen bubbles. It is a 
peculiarity of this amalgam that it does not leave the zinc when 
the latter dissolves, but immediately attaches itself to fresh por- 
tions of the same. The surface will therefore always appear 
bright and clean. If a hissing noise is heard when the zinc 
is placed in the electrolyte, it signifies that the zinc requires 
reamalgamation. 

29. Electromotive Series. — In any voltaic cell, the 
element that is acted on by the electrolyte will always be 
the generating-plate, and it^ terminal is always negative. The 
following list of voltaic elements compose the electromotive 
series: 

Contact in Air. 
+ Zinc Antimony 

Cadmium (/opp(»r 

Tin Silver 

Hydrogen (lold 

liCad Platinum 

Iron Carbon 

Nickel — Oxygen 

Bismuth 

Any meta.1 in this list is electropositive to every other below 
it, and electronegative t^> every other above it. 

Any two of these metals form a voltaic^ couj)le, and produce a 
difference of potential when submergcMl in saline or acidulated 
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water, the one standing first on the list being the generating- 
plate, and the other the collecting-plate. For example, if 
nickel and carbon are used, the nickel will be acted on by the 
liquid and will form the generating- plate; but if nickel and zinc 
are used, the zinc will be acted on by the liquid and will form 
the generating- plate. 

The farther apart the elements stand in the above list, the 
greater will be their difference of potential. For example, the 
difference of potential developed between zinc and carbon is 
much greater than that developed between zinc and nickel; in 
fact, the difference of potential developed between zinc and 
carbon is equal to the difference of potential developed between 
zinc and nickel plus that developed between nickel and carbon. 
This may be summed up in the following law, as first stated by 
Volta: 

The difference of potential developed between any of these metals is 
equal to the sum of the difference of potentials of all those intervening. 

In the simple cell illustrated in Fig. 4, we have seen that 
zinc was the element acted on by the electrolyte, and this 
element is called the generating- plate. Strictly speaking, the 
surface of contact Ijotwecn the licjuid and the metal is the place 
of action, and would more jnoperly be called the generating- 
plate. 

The other element — in this instance, copper — is called the 
collecting-i)lat(', and serves merely as a means of connecting 
the external circuit to the electrolyte. In some cells, the 
chemical action takes place between two different liquids, in 
which case whatever solid conducting-bodies are used act 
merely as connectors or terminals. 

In therapeutics, the term anode is used simply to indicate 
the positive terminal, and cathode to indicate the negative 
terminal. 

30. The T^lectrolyte. — Before attempting to explain the 
chemical action going on in a simple cell, the passage of a 
current through a lluid, such as an electrolyte, will have to 
})e considered. Fluids do not conduct an electric current 
in the same manner as solids; in the latter, it may be supposed 
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Ittiat the electricity flows from one atom to another, the latter 
remaining stationary. When the electric current goes through 
a fluid, it travels with the atoms, and each of the latter is 
i^upposed to carry with it a certain amount of electricity, that 
w, an electric charge. The latter may he of two kinds, pomtire 
wid negative. A charge is said to be positive when it is of 
such a nature that electricity will flow from it to some other 
atom or substance that is either neutral or negative. Again, a 
icharge ia said to be neptatlve when electricity will flow toward 
it, either from a neutral or a positive atom or substance. These 
'jpositive and negative charges mutually attract each other, and, 
when united, they both become neutral if ixiasessed of charges 
that contain equal amounts of electricity; if not, the surplus 
will be equally divided between both. 

It is now generally supjKised that all atoms are possessed of 
dectric charges, varying in amount and being either positive 

negative. It is supposed that the chemical affinities that the 

lemist has to overcome iu order to affect new combinations is 

nothing but the attraction between positive and negative charges. 

It is further supposed that when a compound chemical sub- 
BtancG ie dissolved in water, the latter seems to have the effect 
of giving the constituent atoms of a molecule a certain freedom 
of action, thus enabling them, by means of some small outside 
directing force, to overcome the forces that held the atoms 
ither and previously made them appear electrically neutral. 



31. Int«ractIou Between the Electrolyte and the 

Klements.— Let us now apply these theories to the action of 
the voltaic cell. The molecules of the sulfuric acid consist of 
two groups, one, the sulfion S0^ is elect ronegiilive, and the 
■, the hydrogen, electropositive. When the two elements 
zinc and copper are inserted in the electrolyte, both elements 
ik to attract the sulQon groups, but the zinc with its greater 
tendency to oxidation has the stronger attraction of the two, 
with the result that the negative oxygen moves toward the zinc, 
thfi hydrogen free to seek the copper. The sulfion 
with the zinc, producing mlfaU of zinc, while the 
collects ut the copper plate, some of it escaping and 
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rising to the surface. Wlieii it is stated that the zinc attracts 
the oxygen, it should not be understood to mean that this 
range of attraction extends througliout the electrolyte. We 
must rather 8Up[)ose that the distance through which it acts is 
extremely minute. This range, called the inoleadar rangty is 
estimated to he about r^jijuViruiy V^^^ ^^ * millimeter. When 
the oxygen atoms inside this range have been attracted, other 
atoms in the adjoining layers will immediately replace them by 
diffusion. We can therefore imagine a constant procession of 
oxygen atoms toward the zinc element and a similar motion of 
hydrogen toward the copper element. 

As the oxygon and hydrogen atoms were supposed to be in 
possession of negative and positive charges, respectively, the 
first would deposit their negative charges on the zinc and the 
latter their positive charges on the copper. This action would 
continue until the ])ressure, or potential, of the greater charges 
on the zinc and copper had increased to such an extent as to 
ecpial that of the individual atoms. The latter would then be 
unable to deliver thoir charges any more and the action w6uld 
stop. But if the two elements are connected externally to the 
electrolyte, with an electric conductor, then an electric current 
would be cstablislicd through the latter and their surplus charges 
would constantly How through this conductor and neutralize 
each other. 

32. ContillllOll^s Ciirrt^nt. — The charges delivered to the 
elements follow one another with gnat raj)idity, so rapidly, in 
fact, that it ivS impossible to distinfiuish any monjentary inter- 
ruption, and the action seems to be absolutely coatinuom. The 
eciualizing How of electricity that is constantly passing from 
one plate to the other through the external (•onductx)r is known 
as a direct current, which may or may not be continuous. 
Consecpiently, a direct current biHiomes continuous when the 
dilTerence of potential is constantly maintained, and when no 
mechanical device is enjj)loyed Xo interrupt it. This difference 
of potential or electromotive force, which is the direct cause of 
the electric current through the cell^ does not depend on the 
shape or size of the elements employed. It depends primarily 
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on the materials used, but is also somewhat affected by the 
density of the electrolyte and the surface conditions of the 
elements. 

33. Polarization. — The action of the cell would continue 
until either the electrolyte were exhausted by being replaced by 
sulfate of zinc or the zinc itself had been wasted. In a simple 
voltaic cell, there are still other causes that may stop all action 
long before the electrolyte is exhausted. This is caused by the 
action of the hydrogen. When the latter passes to the copper 
element, it cannot combine chemically with the copper as the 
oxygen does with the zinc. The hydrogen atoms will there- 
fore, after they have given up their electric charges, remain 
at the copper element in a nascent state. If the hydrogen 
would at once rise to the surface, any further trouble would be 
prevented, but they adhere to a large extent to the copper 
element. The consequences of this action are various. One is 
that the copper element, after a certain length of time, will 
be covered with a film of hydrogen, and the latter being a poor 
conductor will greatly increase the resistance to the passage 
of the current. Then, again, hydrogen being electropositive, 
practically an electronegative element with an electropositive 
coating is had. l^oth the zinc and the copper would then be 
electropositive and their tendency to separate the atoms would 
be materially diminished. In this condition, the hydrogen 
would seek to reunite with the oxygen from which it was 
separated and send a current in the opposite direction. When 
the action of the cell has arrived at the point that the collection 
of hydrogen on the copper plate prevents, or greatly opposes 
any further action, the cell is said to be polarized. To bring 
the cell back again into its maximum activity, the hydrogen 
must be removed. Any agent that will serve this purpose is 
called a depolarizer. 

34. Depolarization of Cells. — Various mechanical 
devices for depolarizing cells have been used; the collecting- 
plate has been arranged to be agitated in the li(|ui(l, or to be 
entirely removed from the li(jui(l at intervals; and the collect- 
ing-plate, or in some instances both plates, have been made in 
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the form of disks, dipping for about half their diameter into 
the electrolyte. On rotating the disks, the hydrogen is pre- 
vented from forming on the collecting-plate by its motion. 
Again, the liquid itself may be kept in constant circulation by 
various means. Sometimes the surface of the collecting- plate 
is roughened and provided with small projections on which the 
gas collects more freely and with more facility for detaching 
itself, and in the form of bubbles to rise to the surface. But, 
as none of these devices prevent depolarization altogether, 
they are commercially of little value, especially as chemical 
depolarizers are much more convenient. 

35. Chemical Depolarization. — Depolarization bycA«n- 
ical means may l)e accomplished by surrounding the collecting- 
plate with a solid or liquid with which the nascent hydrogen 
may combine. This combination usually disposes of the gas, 
and prevents the bad efTects due to its deposit on the collecting- 
plate. Under these circumstances, the campound formed at the 
collecting-plate is usually water, the depolarizer being generally 
a substance rich in oxygen, with which the hydrogen combines. 
This water has the effect of diluting the electrolyte already 
weakened by the combination with the generating- plate; but, by 
properly selecting the depolarizer with reference to the elec- 
trolyte, the chemical eonibination at the collecting- plate may 
be such that it will, either directly or by further combination, 
replace that part of the electrolyte which has been combined 
with the generating-plate. By this means, the electrolyte will 
be kept at the same strength and composition throughout the 
life of the generating-plate or of the depolarizer. 

3(>. Hate of Depolarization. — The rate at which any 
depolarizer will perform its function depends on many con- 
ditions. No depolarizer will keep the E. M. F. of a cell constant 
for all currents; for, after a certain limiting current has been 
reached — the limit depending on the sizes of the various parts 
of the cell — the formation of the free element of the electrolyte 
is more rapid than its absorption by or recombination with 
the depolarizer, and the surplus gas will then collect on 
the collecting- plate. In the case of depolarizers that, by the 
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formation of water, dilute the electrolyte, the E. M. F. is 
reduced by continued use of the cell, even if the current output 
be small. These facts should be remembered in dealing with 
the various depolarizers. 

37. Primary Batteries as Sources of Electrical 
Energy. — Primary batteries, as sources of electrical energy, are 
used prmcipally in those cases where the use of the current is 
intermittent, such as for ringing bells, for lighting gas, etc., or 
where a small but steady current is required for long periods of 
time, as in electrotherapeutics, in telegraphy, in telephony, for 
laboratory and for testing purposes. Their general use on a 
large scale as sources of electrical energy for lighting or for 
power purposes is precluded, at least at present, by the com- 
paratively great cost of the material consumed, and the expense 
of insulation and maintenance. For example, the bichromate 
battery is about the cheapest in point of cost of materials con- 
sumed, and in this the materials alone would cost about 
28 cents per horsepower per hour when used on a large scale. 
When the electrical energy is produced l^y means of dynamos, 
the cost per horsepower per hour is ordinarily about 5 or 6 
cents, and in m«iny cases much less. The cost of material in 
the silver-chlorid battery is about $1.35 per horsepower per 
hour. This high cost of the power does not, however, prevent 
batteries from being largely used for the purposes previously 
outlined, and their practical application is an important part of 
electrotherapeutics. 

38. The Voltameter. — Reference was had in Art. 6 to 
the voltameter as an apparatus that would enable us to 
obtain an idea as to the amount of work 1 coulomb of elec- 
tricity would be able to do when sent through a circuit by a 
given electric pressure. The v(^ltameter is in reality nothing 
but a voltaic cell in which the action is reversed, on which 
action also the storiige-batteries or accumulators are based. It 
was seen that in a voltaic cell the active principle was the 
superior attraction l)etween the zinc and the oxygen as com- 
pared with that f)etween zinc and hydrogon. It is clear that if 
both elements in the cell were either zinc or coi)per, no action 
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would take place and the cell would be dead. But this difli- 
culty may he overcome if by some exterior means an attraction 
between the elements and the component parts of the electro- 
lyte is created. Suppose, for instance, that one of the elements 
is connected with tlie positive pole of some source of an electric 
current and the other with the negative pole; one of the 
elements will then be positive and the other negative. As the 
hydrogen and oxygen atoms of the electrolyte are in an unset- 
tled condition, ready to go wherever a directing force will guide 
thijm, it is clear that the positive hydrogen atoms will seek the 
negative element and the negative oxygen atoms the positive 
element. A procession of hydrogen atoms will pass in one 
direction and oxygen atoms in another. As soon as they meet 
either of the two electrodes, their motion stops and there will, 
therefore, on one of the electrodes, l)e a collection of oxygen, 
and on the other hydrogen. 

The zinc has a strong affinity for oxygen and it Avill again 
unite with the sulfion group and produce sulfate of zinc. To 
obviate this and retain the pure oxygen, the negative electrode 
is made of a metal that is nearly neutral toward the oxygen, 
as for instance, j)latinum. The liberated oxygen will then not 
enter into any combination, but remain in a gaseous state and 
either rise to the surface or adhere to the platinum. 

It re(iuires a certain pressure, or E. M. F., to effect this 
separation of oxygen and hydrogen atoms, below which no 
result^ can be obtained. The pressure must at least be 1.49 
volts. After the atoms have* l)een separated and are in the 
nascent state, they have a tendency to reunite; the electrodes 
are said to l)e polarized. If the electrodes are .disconnected 
from tlie electric source and connected with each other, a cur- 
rent will How through them in the opposite direction for a short 
time, having at the start a pressure of 1.49 volts. This current 
is called i\ poldrization current and is the one on which the action 
of storage- batteries is based. 

39, Electrolysis. — This ])rocess, by means of which 
acidulated water and otluT solutions may be decomposed b}' 
electrical means, is called electrolysis, meaning electric 
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analysis. The separated atoms are called ions. The electrode 
that sends the electric current into the fluid is an anode, and 
that electrode which conducts the current away from the fluid 
or electrolyte is the cathode. Atoms that travel toward the 
anode and assemble there are anions; the atoms congregating 
at the cathode are cations. It should be remembered that the 
anions traveling toward the positive electrode — the anode — have 
negative charges and that is the reason an attraction takes place 
between them. Likewise, the cations are positively charged 
and therefore seek to join the negative electrode — the cathode. 
The amount of gas deposited on the electrodes of a voltameter 
by 1 coulomb, that is, by 1 ampere i)er second, is .00001043 
gram of hydrogen and .00008285 gram of oxygen. In volume, 
the hydrogen amounts to twice that of the oxygen. 



CELIiS. 

40. Classl 11 cation. — The various kinds of voltaic cells 
may be divided into classes as follows: 

1. Cells in Which There Is No Dqyolurizer. — These ar^j the 
simplest form of cells, but, because they polarize rapidly, cells 
of this class, commonly called open-circuit cells, are Uocd only 
for intermittent work. 

2. Cells With a Depolarizimj Electrolyte. — In this class of cells, 
the electrolyte is of such a nature that either no hydrogen is 
formed or the liquid contains a substance with wliich the 
hydrogen unites. As this action takes place mainly at the 
collecting- plate, there is little distinction, so far as action goes, 
between this latter type of Class 2 and the following class. 

3. Cdls With a Liquid pcpolarizcr. — In this class of cells, the 
collecting-plate is surrounded })y a depolarizing licjuid that is, by 
mechanical means, prevented from mixing with the electrolyte. 
The method that is usually employed is to separate the two 
liquids by a j)orous [)artition, which allows of their electrical 
contact Avithout mechanical mixture, if their res|)ective specific 
gravities are nearly the same. If the latter difTer materially, 
gravity will keep the two li(|uids apart, one being above the 
other in the containing vessel. 
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4. Cells With a Solid Depolarizer — Dry Cells. — In many 
respects, thia class is identical in action with Class 3, the only 
diflference being that the depolarizer is a solid instead of a 
liquid. If the solid depolarizer is granular, or in the form of 
powder, it is often necessary to employ a porous partition 
between the collecting-plate surrounded by the depolarizer and 
the electrolyte. This is merely to keep the depolarizer in place, 
aTid may he dispensed with if the depolarizer is in the form of 
a paste or solid body fastened upon the collecting-plate. In 
fact, the depolarizer itself frequently forms the collecting-plate 
when it is a solid conducting material, the office of the collect- 
ing-plate being primarily to establish a connection between the 
electrolyte and the external circuit. 

Ordinarily, cells are classed as single-fluid and two-fluid 
cells; but, as such a classification has little reference to this 
principle of operation, it will not be used here. All the differ- 
ent kinds of cells will not be described, and reference will only 
be made to those that have shown themselves most suitable for 
the i)urpose of electrotherapeutics. 



CELLS WITH XO l>EPOLAUIZER. 

41 . The Volta Type. - In this class are included cells of 
the Volta type, illustrated in Fig. 4. In place of copper as a 
collecting-plate, miuiy other elements have been used, notably 
in the Sniee cell, using platinum or platinized silver, and cells 
of various other makes, in wliich the collecting-plate is of iron. 
The available E. iM. F. of the Sn)ee cell is hardly more than 
.5 volt. It was found that eop])er could be advantageously 
replaced l)y porous carbon. The K. M. F. of the porous-carbon 
cell is ai)0ut l.oo volts. To prevent the electrolyte from being 
too quickly exhausted, there is sometimes placed in the cell a 
porous cup filled with strong sulfuric acid. As the dilute acid 
outside the porous cup becomes weaker, the stronger acid oozes 
through the sides of the porous cup and maintains the strength 
of the electrolyte. 

In all the cells of this type, the carbon is made as porous as 
possible and of such sha])e that the surface exposed to the 
liquid is very large compared with the surface of the zinc. 
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ThUB, the average area of the internal circuit of the cell is made 
large, and at the name time advantage is taken of the slight 
depolarization that occurs with a porous carbon of large surface. 
Porous carbon absorbs oxygen from the air, and some of the 
evolved hydrogen combines with this, thereby diminishing the 
tendency to polarization. 



CKI.I-S wrilt A I>BFnl,A.tlt7:iNG ELKCrROI.VTK. 

43. Bichromate Cells. — The best known cells of this 
type arc the bichromate cells. Twenty of these cells form the 
best portjible battery having a liiniid electrolyte. These consist 
of a zinc-carbon couple, with an electrolyte composed of a solu- 
tion of dilute Bulfuric acid, mixed with a proportion of the 
bickromnte sallsoi some metal, usually potassium. The purpose 
of the bichromate salt is to act as a depolarizer, which it does 
very satisfactorily, on account of the large (juanlity of oxygen 
that it contains. When, therefore, the hydrogen is liberated 
by the decomposition of the electrolyte, it unites immediately 
with the bichromate salt, forming water and a new salt known 
as chrome nhim, which forms in crystals of a purplish color. 
If the salt of undium is used instead of the salt of potassium, 
tliere is no formation of chrirme aluvi, and the working capacity 
of the cell is therefore greater. The result of this combination 
is a high E. M. F. of about 2 volts. By the action of the acid 
in the electrolyte on the bichromate of potassium, chromic acid 
is formed. It has been proved that pure zinc is 175 times more 
soluble in acid conLiining a little chromic acid than in pure 
dilute acid. The ^iinc will be attacked by the acid whether any 
current is flowing or not — hence the importance of arranging 
the zinc in such a manner that it may be lifted from the liquid 
when not in use. 

43. The Grenet Cell. — A familiar type of bichromate cell 
is the Greiiet cell, shown in Fig. 8. It consists of a bottle- 
shaped jar with a hard-rubber or porcelain cover from which 
two flat carbon plates C, C are suspended, parallel to and a 
short distance from each other, Between them hangs a zinc 
pUte Z, BiTiijwrted by a slidiug-rod R, which may be drawn up 
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until t.lie zinc is entirdy out of Itm liijiiid. The nwl is held 
any ponilion hy llie thuml«cr(!W T. On top nf tlie hra»j rod , 
is a binding- post fi„ the other termin&l of 
the cell Imiiig the binding-post B con- 
nected to the two carbon plates C, C The 
electrolyte is composed of 3 parts ot potas- 
sinm bichromate dissolved in 18 parts of 
water, to which is added 4 parts of sul- 
furic acid. The E. M. F. of the cell is 
1.92 to 2 volts. 




44, Plunge- BRtteries. — Ceils ol 

the bichromate tyjie are often united to 
form what is c;illeil a pluiis(^-batt4.>r}'. 
These are usually built with several cells, 
the various elements being connected in 
series to give an E. M. F. ot 6 to 10 or , 
more volts. All the elements are simul- 
''"' *■ laneoualy raiseil out ot or lowered into I 

the liquid by a lever or wimllaaa arrangement, as shown 
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elements are zinc and carbon, there being three plates of zinc Z, 
and four of carbon C, in each cell. All the plates are suspended 
from a wooden cross-bar, which is supported l)y means of the 
chains i7, // from the rod R, By turning the crank K on the 
rod, the plates may be raised or lowered into the jars J. Each 
cell is provided with two binding-posts B, By connected, respect- 
ively, with the carbon and zinc plates. The cells may therefore 
be arranged in various combinations. 

To this class belongs also the Pal>st cell, in which wrought 
iron and carbon are used as elements, and a solution of ferric 
chlorid as the electrolyte. The ferric chlorid is decomposed 
into ferrous chlorid and free chlorin, the latter uniting with 
the iron element. There is no polarization, as the liquid regen- 
erates itself by absorbing oxygen from the air. It is very 
constant, but of low E. M. F., about .78 volt. 



CELl^S WITH A LIQUID DEPOLAJUZBR. 

45. Nitric Acid as a Depolarizer. — Nitric acid HNO^, 
being rich in oxygen, is largely used as a depolarizing li(iuid 
in this class of cells. Its use is objectionable from the fact that, 
when deprived of a i)art of its oxygen, it gives off a gas, nitric 
oxid, wliich, on combining with the oxygen of air, becomes 
nitrogen peroxid, a disagreeable and even dangerous corrosive 
gas; consequently, the best of ventilation is essential where 
cells with this depolarizer are used. 

46. Grove and lluuseu Cells. — The ])rincipal cells using 
this depolarizer are the Grove and the Bunseu cells, and 
some of their derivatives. In the Grove cell, the positive ele- 
ment is zinc; the negative, platinum. The platinum element 
is placed inside a porous cup and surrounded with nitric acid 
diluted with water. The K. M. F. of the Grove cell is 1.9 volts 
at ordinary temperatures. The Grove cell is a very old type, 
and has been made in many forms. The expense of the plati- 
num element led to the ad()i)tion of the Bunsen (^ell, in which 
carbon is substituted for i)latinum. By using commercial 
nitric acid, specific gravity about 1.33, the E. M. F. may be 
increased to 1.9G volts. About .35 volt is due to the action of 
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the depolarizer. These cells are objectionable because of their 
odor, and must be situated in a place where this is not 
objectionable They are useful for charging small accumulators. 

47. Eleetropolon Fluid. — Another important type of 
this class of cell is the bichromate cell, in which the bichro- 
mate solution is not mixed with the electrolyte, but separated 
from it by a porous partition, with the effect that the zinc is 
not seriously attacked on open circuit. As to the E. M. F., 
chemical action, etc., this type is not sensibly different from 
the bichromate cell described above. The bichromate solution 
is usually, with the collecting- plate, placed in the outer vessel, 
the zinc and exciting liquid being inside the porous cup. The 
exciting liquid is usually dilute sulfuric acid having a specific 
gravity of about 1.10. The depolarizing liquid is ordinarily of 
the composition given in Art. 43, Under the name ekctropoion 
fluid, a bichromate mixture is prepared by dealers (all parts by 
weight) as follows: 2 parts of sulfuric acid is mixed with 
4 parts of water; in another vessel, 1 part of potassium bichro- 
mate is dissolved in 3 \)ar{s of boiling water, and, while hot, is 
mixed with the lifjuid first prepared. This liquid, when cold 
and more or less diluted, is suitable for use in most bichro- 
mate cells. 

Bichromate cells are often constructed in which the liquids 
em})loyed have such a diiference in their specific gravities that 
they may be placed one above the other in the cell, no porous 
partition being reipiired to keep them from mixing. 

48, The Partz Cell. — The Partz cell, one form of 
which is illustrated in Fig. 7, is an example. This cell is a 
bichromate cell in which a solution of sodium chlorid or 
magnesium sulfate constitutes the electrolyte and surrounds the 
zinc Z; a bichromate solution, which acts as a depolarizer, 
surrounds the carbon plate C. The depolarizer, having a 
higher specific gravity than the electrolyte, remains at the bot- 
tom of the jar, and the two liquids arc thus kej)t separate. To 
keep up the strength of the depolarizer, a glass tube T is sus- 
pended in the cell, having a small opening below the normal 
level of the bichromate solution. This tube is filled from time 
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to time with crystals of what tlie manutacturera call sidfochromic 

mlt, which is formed by tlit: action of sulfuric acid on some 

liichromate solution, and 

when dissolved in water 

gives the same results as 

the eleclropoioii fluid. The 

depolarizer, as it be'MEiM 

weakened hy use, h 

plenished by crystals in i 

tube T. 

With the cell shown, 
which employs a 6" X &" 
jar, the internal resistance 
is about 1 ohm with a sohi 
tion of magnesium sulfate, 
and about .5 olim with a 
solution of sodium chloricl, 
the E. M. F. being the same, 
I.0to2volt«, in either case, j 
This cell is useful for either ^ 
open- or closed -circuit work, 
as the depolarization is very '^' '' 

complete; at the same time the local action ou open circuit is 
almost imperceptible. Tlie chromeatiim solution that forms, 
being heavier than the bichromate solution, descends to the 
lower part of the cell, so that the crystals form beneath the car- 
bon plate, whicli is slightly raised from the bottom of the jar; 
coosequently, the formation of these crystids does nut apjireciably 
increase the internal resistance of the cell. 




49. The Uaniell Cell. — Another cell belonging to tliisclass 
is the Duniell, a variation of which is Illustrated in Fig. 8; it is 
here sliown in the familiar form known as the gravity, or crow/oof, 
cdl. The zinc Z, from the shape of which the cell Ims received 
its name, hanga from the edge of the glass jar; the copper C is 
connected to the external circuit by the wire W, covered withan 

I iostllating material uu those parts submerged in the liquid. 

I When the cell is set up, the copper plate is sTirrounded with 
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cryetals of cupric eiiltatc, until it ia completely covered. The ] 
standurd form of this cell is of the following dimensione: The f 
jar in 6 inches in diameter, ami m 8 inches high. The copper, 

made from three | 
pieces of thin si 
copper 2 inches wide j 
and 6 inches long, is 1 
riveted togettier in the 1 
middle; the outsida j 
pieces are then spread I 
out, giving the copper I 
the shape of a i 
pointed star. A piece i 
of No. 16 insulated f 
copper wire is riveted. | 
to the middle strip. 
The zinc is in the j 
shape ghown, and J 
weighs 3 pounds, 1 
About 2 pounds of 1 
cupric-Bultate crystals I 
are required to chai^ J 
the cell. The averagO 1 
internal resiBt:ince of a gravity cell of this size is aliout .5 ohm, I 
and itB K. M. F. is the same aa the other forms of Daniell oellf.fl 
1.07 volts. 

The maintenance of this type of cell is simple, it being ueoe»- 
sary to renew the supply of cupric-sutfute cryslals only wbol- 
the solution becomes weak, which fact is indicated by the fall of' 
the blue-coloreil liquid below the top of the copper plate. In 
addition to this, the density of the zinc-sulfnte solution should be 
occsHionally measurwl with a hydrometer, and if lrx> dense 
(above 1.15 Sp. Gr. ) a portion should be removed and replaced 
by water. 

50. D'lnrrevlllo Zlnc^To avnid wa^le, various forma 
of the zinc element have been suggested in place of the crow- 
foot pattern; one form, in which there is no waste whatever, is 
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the D'Infrevlllo wnstoless xlnc. ThiB zinc is ciist with a 

conicftl lug Con top (see Fig. 9) and a corresponding cavity in 

the under side of the zinc. When the 

zinc is nearly coneuraeii, it is removed 

from its support, and the lug C inserted 

in the cavity of a new zinc, which \ 

then placed in its support. The nli 

zinc is thus placet! undernealti and i 

entirely conHUmed. The figure slinw 

a cross-section of this fomi of zinc, "" '' 

the new Bine A resting on ii partly consumed zinc B with the 

fitub of a third zinc C beneath. The use of the Daniell cell 

in medical practice is limited chietly to the charging of 

acctimulatore. 




CELI^ WITn A HftUD nRPOLAniZEB. 

51. The dopolarizcra that are used in this class of cells are 
generally subatahces containing a large proportion of oxygen, 
with which the nascent hydrogen unites, forming water. Solid 
depolarizers, like liquid depolarizers, are chosen on account of 
tlie large 'piantity of oxygen that they contain. The balance 
of the depolarizer is sometimes dissolved in this water, hut it 
more often remiiins at the col lectin^- plate in iho form of a solid, 
the water Berving merely to dilute the electrolyte. In case the 

I depolarizer is dissolved, the solution formed usually tends to 

' keep up the strength of the electrolyte. 

Among the must widely used depolarizers arc the oxide of 

I manganese, of topper, and of lead, and the chlorids of some 

I of the metals. The several sulfates of mercury, on account of 
the large quantities of oxygen which Ihey contain, are also used 

I for this ])ur]>oBe. 



52, Leclaiicbt' Coll.— The Lcclnncho coll is the l>est 
I known and the most widely unetl cell of this type. It is used 
e by physicians than all other cells taken collectively. Its 
■ positive element is zinc, usually in the fonn of a rod; the 
F«]ectr6lyte is a saturated solution of ammonium chlorid (sal 
1 unmoniac), and the negative eli.'incnt is carbon, eurrounded by 



A 



44 



DIRKCT CURRENTS. 



manganic oxid (peroxiil 'J manganese), whirh is the riopolar- 1 
izer. The oxid in in the form oE a coaree potvder, and isj 
usually contained in a piirous cup, which allowB free access of-l 
the electrolyte to the de- I 
)K>larizer nnd the negative! 
element. Fragments otl 
crushed coke (or carbon in j 
nthorforms) are often mixed'l 
wilh llii- iniinganic oxid to]" 
ilciTi'iisi' the resistance oT.I 
the cuTiteiita of the cup. 
Fig. 10 shows the usualJ 

rfii I ''I illllll^pupj ^'"''" "^ 'I'i'^ ^yp^ o' cell 1 

H^flfflf '''''^' I""""^'^ '^"P ^ containsJ 

till.' miinsaiiic oxid and the 1 
cariwii eluiiient, which pro- i 
jects frnni the top of the 
cup, a hiniliiig-p<i&t B being 
attached as shown, Th* _ 
cluKs jiir is circular wilh ( 
loainicted top, in which I 
'illght reci^Es is formed tdi 
^"' " the zinc Z. The top ol Ibj 

zinc IB provided with a liindiiig-screw B,, which serve 
negative tprmiiial of tlie cell, li being tlie positive termitU 
The Inp of tlie jar is coated with paraffin to prevent the cryst 
of pal ammoniac from "creeping" over the top of the jar a 
liquid evaporates. 

53. The ctU ilhistrated in Fig. 10 lias tlie following.^ 
<liiiien8ions: 

Jar 4J" diameter, 0" high 

Zinc J!" diameter, 6J" high 

piirous I'up 3" diameter, 5J" liigh 

Carbon about C" X If X ,V' 

The weight of the zinc rod is about 3 ounces, and two- 
tliirds of it is usunlty bnlow the level of the liquid. There are 
16 oiince.'j of |>eroxid in the porous cup, and il requires nearly 
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incee of aoimoniuDi clilorid to make sufficient solution for 
this size of cell. For each ounce of zinc consumed in the 
cell, 2 ounces of uiiinganic oxid and 2 ounces of ammonium 
chlorid must iilso be consumed; so, from tlie amount of these 
materials contained in the cell, it follows that there is enough 
peroxid in the porous cup to last while live or six zincs are 
being consumed, while the ammonium chlorid will not last 
longer than one zinc, as the zincs are usually replaced when 
euten away lo nboul J or -^ inch diameter. The consumption 
of zinc in the Leclanch^ cell is about 23 amiwre-hourB par 
ounce of zinc, and as aliout If to 2 ounces of each zinc rod 
may lie consumed, the life of each zinc is then about 40 to 
45 ampere-hours. The E. M. F. of this type of cell is about 
J. 48 volts, and its internal resistance about .4 ohms. 

It is usual to seal the carlion and depolarizer into the poroUB 

cup hy some compound mich as sealing-wax, leaving small 

tubes or holes through whiuh whatever gas not absorbed by the 

depolarizer may escape. This sealing necessitates the entire 

renewal of the porous cup with contents, when the depolarizer 

is exhausted; to obviate this expense, some makers use a 

carbon porous cup and place the zinc iiwide, at the center, 

' the space between the zinc and carlwn being filled with 

' peroxid. To this class belong also the Samsou ceM, and 

I the Ilayden cell. 

54. Oonda-Leclanoho Cell. — Another widely used form 
I of Leclanchi^ cell is theGonda-Ijeclaiiclie, which uses no por- 
} ous cup whatever; the manganic oxid is mixed with graiinliited 

carbon and some gummy substance, and compressed into cakes 
f tinder great pressure. These cakes are attached to the sides at 
r the carbon plate and act in the same manner as the depolarizer 
f in the regular form. Other modifications have also been made 
I to avoid eva[)orulion of the liquid. 

55. ljalan<le-t'IiBiiei*OM Cell. — To this class also belongs 
I the Zjalaiide-Clia|ieron cell, which uses iron or copper 
L surrounded witli a. layer of cupric oxid, which acts as a 
I depolarizer, as the negative element. The positive element is 
I- sine and the electrolyte a solution of caustic potash. 
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5C. Gtllsoii-Lalande Cell.— Tliii Edisou-Iialande ce 

iu a nioditiciition uf the Lalaiide-Chai>eroii. The cupric oxtd is 
molded undt-r preHsure ititu plates of the reijuimto she, lieitig first 
mixed with mugnesium clilurid, which, when the molded plates 
are heated, serves to bind the miiaa togetlier. Thene plates are 
held in copper frames enclosing the edges of the plat«a. The 
positive element in this cell is zinc, and the electrolyte a solu- 
tion of potassium hydrate, or caufltic potasli. Two plates of 
zinc are used in most forms uf this cell, one on each side of tlie 
cupric-oxid plate. 

A cell of this type, having a capacity of 150 ampere-hours, is 
shown in Fig, 11. The cupric-oxid plate C is siis)>ended in a 
cupper frame F, F\ni- 
tweeii the two zinc 
plates Z, Z, which are 
hung from each sidft 
of a hig on the porce- 
lain cover of the jar. 
The sides of the cop- 
per frame of the oxid 
plate are carried up 
through the cover sup- 

j, r-«™'iii| , T^^BttOl II porting the plate, and 

i'i'lHli }' '^ ^'HH ' ^''''"^ terminals fi, £, 

llJi'l^B I ii' ^Bl \i\ either of which may 

^ii'li^HI' IH"II< i I he used as the positive 

terminal of the cell. 
That part of the cop- 
' per frame which pro- 
jects above the plate 
is protected from the 
''"'' " action of the liquid by 

tubes of insulating material T, T. A binding-post B„ on tlie 
bolt that sup]K>rts the two dnc plates, serves us the n^ative 
terminal. A layer of heavy paralTin oil is used in this cell to 
prevent the action of the air on the solution. 

The 150-ampere-hour cell, shown in Fig. 1 1, is 5J in. X SJ^ in. 
outside dimensions, and will give a current of 3 amperes at a 
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potential of about .7 volt for 50 hours, which is equivalent to 
about 100 watt-hours, with one ** charge" of zinc, caustic 
potash, and oxid. The internal resistance of the above cell is 
about .07 ohm; the weight of the oxid plate is about J pound. 
They are very constant and are able to furnish a large current; 
the local action is small. 



DRY CELLkS. 

57. Construction and Use. — The name dry cells is 
usually applied to those having a solid depolarizer, in which 
the electrolyte is carried in the pores of some absorbent mate- 
rial, or combined with some gelatinous substance so that the 
cell may be placed in any position without spilling the liquid. 
These cells are generally made in small sizes, with zinc and 
carbon elements, the zinc, usually forming the outside of the 
cell, being made into a sort of cylindrical can, in the center of 
which is the carbon, surrounded by its depolarizing compound. 
The space between them is filled with some absorbent material, 
such as ** mineral wool,'' asbestos, sawdust, blotting-paper, etc., 
and the whole is then soaked in the exciting liquid. In some 
the exciting liquid is mixed with a hot solution of some gelat- 
inous body, such as isinglass or ** Irish moss,'' which mixture 
is poured into the cell, and on cooling it forms a soft jelly. 
The first method of preparation is that most used. 

It is evident that only a comparatively small amount of 
liquid can come in contact with the zinc at one time, hence the 
current-strength is not as great as that of an ordinary cell; they 
are therefore more adapted for smaller currents and for 
intermittent work. It is quite necessary, however, that they 
have a depolarizer, as otherwise they must be made open to 
allow the hydrogen to pass off, and this would allow the small 
amount of water they contain to evaporate. To prevent evapo- 
ration, the cells are sealed with some resinous compound. 

The materials used in dry batteries are usually kept secret by 
the manufacturers; they all, however, answer to the above 
description as to construction, and tlie best types employ the 
same materials as the Leclancln' battery; that is, a zinc element, 
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an ammonium-chlorid electrolyte, manganic oxid or binoxid of 
manganese as a depolarizer, and a carbon element. 

Some of these cells act very satisfactorily and are quite suit- 
able for medical work, by reason of their portability and the 
small amount of attention and care required. If properly cared 
for, that is, if not used too much beyond their capacity, 
they will last from 1^ to 2 years, when they must be replaced 
by new cells. The smaller sizes weigh as little as 8 ounces, 
and measure IJ in. X H in. X 3J in.; their E. M. F. is about 
1.5 volts and their internal resistance .65 ohm. A larger size 
has a resistance of only .25 ohm, and two of these used in 
parallel are sufficient to hexit a short platinum wire for cautery- 
work to a white heat, and may also be used for operating 
induction-coils. 

58. Hydra Semiclry Battery. — The cells of which the 
Hydi-a semiclry battery is made up have the advantages of 
the dry cell without its disadvantages. They are able to furnish 
a heavy current because the zinc is divided into two separate 
parts placed some distance apart in the electrolyte. These zinc 
elements are of a large surface area and will therefore give the 
depolarizer a larger field for its action at the same time, as 
it will decrease the internal resistance of the cell. Though the 
depolarizer is partly in a licjuid form, the cell is so made that 
it is not possible to spill any of the liquid and the cell may 
either stand up or be laid on its side. This mobility of the 
electrolyte insures a more efTective depolarization and makes 
it also possible for the fluid, by means of a special arrange- 
ment, to retreat when the cell is out of action. This will 
prevent any local action when tlie cell is not in use. They can 
be procured singly or in units of 4 cells, and may be renewed 
when exhausted. 

THK APPI.H'ATION OF IMIIMAKY nATTKRIT:S. 

59. Cost. — It was stated above that tlie cost of jmnlucing 
an E. M. F. by chemical means was far beyond that generated 
by motive power. lUit there may ho cases wliero these condi- 
tions are reversed, when, in fact, it costs less to use primary 
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batteries. Of course, these latter can never compete with 
motive power when it is a question of large units and con- 
stant supply, but when only a small current is needed at long 
intervals, and where in the meantime no material is consumed, 
the cost of the material is entirely offset by the small amount 
of attention required and the constancy of the source of supply. 
The current from cells is much used for medical work; cur- 
rents of a few milliamperes in strength, but of from 75 to 100 
volts E. M. F., are applied for curative purposes; while currents 
of from 10 to 20 amperes in strength are used for heating 
cautery-loops in surgical operations, requiring an E. M. F. of 
from 4 to 8 volts. Miniature incandescent lamps are also 
employed to examine the various cavities of the body. 
Obviously, if the cells selected have a high E. M. F. (say, 
2 volts), a less number will be required than if the cells are 
of a low E. M. F. 

60. For furnishing the larger currents for cautery-work, 
large cells should be selected, those which are so arranged as to 
have a minimum internal resistance being best. As the use of 
porous cups in a cell increases the internal resistance largely, 
cells that employ them are not well suited for this work. 
Grenet cells are therefore very convenient for this purpose, 
as the resistance is low and the E. M. F. high and steady. 

61. Meclianlcal Construction. — Attention must also 
be paid to the mechanical construction of the cells selected, 
as on this point often depends their life and suitability for 
the work they are called on to perform. 

The binding-posts should be firmly and substantially fixed 
to the elements, and should be thoroughly protected from 
possible contact with the electrolyte, as the resulting action 
will so corrode the joint between the two as to destroy the 
contact, besides possibly eating away the connecting wires and 
breaking the circuit. Each binding-post should be provided 
with two openings for the reception of rheophores, or conducting 
wires; this will often save time and annovance. 

As much as possible of the material of the positive element 
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should be below the level of the liquid, for when that is con- 
sumed the balance must l>e thrown away, and this may repre- 
sent a considerable loss. 

62. Consumption of Material. — In general, it must be 
remembered that the consumption of material in a primary cell 
(assuming no local action) is proportional to the output in 
ampere-hours; the energy output depends not only on the 
amount of material consumed but on the E. M. F. of the cell 
and its internal resistance, so that, other things being equal, the 
higher the E. M. F. of a cell and the lower its internal resist- 
ance, the greater its output for a given cost of material. 

63. Internal Resistance. — It is evident that all the 
E. M. F. of a cell is not available to send a current through the 
external circuit, but that a part is expended in overcoming 
the internal resistance. If the external resistance is very great, as 
when sending a current through the human body, the E. M. F. 
expended in overcoming internal resistance is of little impor- 
tance. On the other hand, if the external resistance is very 
small, as in cautery-work, the internal resistance practically 
determines the amount of current flowing. To obtain the 
maximum current- volume in an electric circuit, the external 
and internal resistance should be about the same. 



SECONDARY BATTERIES, OR ACCUMUI^ATORS. 

64. Construction. — A secondary battery, storage- 
battery, or accumulator, as it is variously called, consists 
of an apparatus in which certain materials are h!o arranged that 
when a current is passed through the apparatus these materials 
are able to rearrange themselves in such a manner as to be able 
to act as a voltaic cell, and by chemical action produce electrical 
energy. Accumulatort^ store energy^ but not electricity^ by con- 
verting the kinetic energy of the electric current into chemical 
potential energy^ which may be realize<l again as kinetic energy. 

Many forms of primary batteries may, when exhausted, be 
more or less regenerated by passing through them a current 
from some external source, in the opposite direction to the 
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curreut they themnelvee produced. This current passed in the 
oppoBite direction restores the elements and the electrolyte of 
the cell Ui the condilitjn in which they were hefore lieing used. 
It is customary, however, to consider as accumulators only 
those cells whose original construction is similur to an exhausted 
battery; that is, they cannot he used as sources of electricity 
unUl they have heen charged by passing a current through 
them. 

65. Positive and Negrative. — Some confusion exiHts as 
to tlie use of tlie terms imsltlve and nc^rative in speaking of 
tJie plates of a secondary cell; tor, in charging the cell, the cur- 
rent is in the reverse direction to that which IIowb when the cell 
is acting us a voltaic cell and discharging. It is customary, 
however, to speak of the plate at which the current enters the 
cell {while charging) aa the positive plate. In fact, whether 
charging or discharging, this plate is at a higher potential than 
the other, which juBtifii« the above uee of the term, although, 
with respect to the chemical actions in the cell, the positive and 
negative plates ore rcvereed in the two operations. 

Gii. Classes or Accumulators, — Accumulators may he 
divided into two general classes: (1) laid accitmidalors and 
(2) lnv\elallic nccumulalars. The larger proportion of cells now 
in use is of the first class. 



ULATOIW. 

67. CoustmctloD. — The original K'lul lu-cumulatur, as 
made by Plants, consists of two plates of lead, usually rolled 
together in a spiral and separated by strips of rubber or other 
suitable insulating material; theee are placed in a 10-per-cent. 
solution of sulfuric acid. On sending a current from some 
external source tlirough the cell, the wat«r becomes decomposed, 
and the oxygen combines with the positive plate, forming lead 
oxid or peroxid, while the hydrogen collects at the negative 
plate. On disconnecting the source of the charging-current, 
and completing the external circuit of the cell, the water is 
decum)>osed, the oxygen uniting with the hydrogen 
collected at the negative plate, and also with the lead plate 



52 DIRECT CURRENTS. §1 

itself; and the hydrogen uniting with the oxygen of the oxid 
of lead at the positive plate, thus producing a current in the 
opposite direction to that of the charging-current 

68. Oxidation. — Owing to the fact that the formation of 
the layer of oxid prevents further oxidation, the amount^ of 
chemical change due to the charging-current is small, so that 
the secondary current from the cell is of short duration. After 
this current has ceased, however, the surface of the positive 
plate is much increased, owing to the removal of the oxygen 
from the lead oxid, leaving the metallic lead in a spongy form. 
On again sending a current through the cell, a further oxidation 
of this (positive) plate takes place, and by continuing this 
process, reversing the current each time it is sent through the 
cell, both positive and negative plates become porous to a con- 
siderable depth; this very much increases the surface on 
which the oxidation can take place. This process might be 
carried on until the whole j)late is reduced to spongy lead ; 
in that case the plate would not hold together, so a sufficient 
amount of the original plate must be left for mechanical 
strength. After the plates are so formed they are ready to be 
used as an accumulator. 

69. Fail re Process. — This forming process, however, 
is too long and expeni>ive for commercial success, though it 
may be considerably hastened V>v roughening the surface of 
the lead plates with nitric acid before commencing the process. 
It was soon superseded by the process, invented by Faure, of 
coating the surface of the })lates with some substance that, by 
the first charging-current, is converted into lead peroxid on 
the positive plate and into spongy lead on the negative. This 
substance may be lead oxid (litharge), lead sulfate, minium 
P6jO,, lead peroxid, or a mixture of these su))stanoes. 

70. Grids. — These substances arr aj)j>lied in various ways. 
One method is to make a paste of the substance (in this case, 
usually minium), that for the ne<:ative j)late being made with 
sulfuric acid — which changes the PhJJ^ into ]*hS()^ (lead sul- 
fate) — and water, while that for tlie positive plate is made wuth 
water only. These pastes were originally api>lied directly to 
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the Burfnce of the plain lead plate; but as they proved to be 
only slightly adhesive, the ])latc» were prepared by 8LTRti;biiig 
or otherwise roughening the surface, which prorefs has been 
gradually extended until the lead plates are now cast into 'jrid/t, 
or latticework plates, into the Rpnces of which the paste is put 
or forced by hydraulic pressure. Some manufacturers do not 
use a paste of the active material, hut employ minium, litharge, 
or lead sulfate in the form of dry powder, forcing the powder 
into the grid under such enormous pressure that it is solidified. 
After the grids have been filled with active material, they are 
set up in pairs, in suitable vessels, and surrounded with an elec- 
trolyte consisting of dilute sulfuric acid having a specific gravity 
of 1.17, which density corresponds to about 20 [ilt cent, of acid 
in the liquid. A charging-ourrent is then sent through the cell 
from some external source; the actiim of tliis current ilecom- 
poses the water, the oxygen of which further oxidizes the lead 
oxid to peroxid at the positive plate. The hydrogen goes to the 
negative plate, where it reduces the lead sulfate to spongy lead 
by uniting with the SO,, forming sulfuric acid. Thus, the 
active (naterial becomes lead peroxid in the jiositive, and spongy 
lead in the negative, plat«. 

Tl. OasstDK* — When the active material is thus all con- 
verted, continuing Ihe charging- current produces no further 
effect, except Ua continue to deoonipose the water; the resulting 
gaaes then pass ofT through the water, giving it a milky appear- 
ance. This phenomenon is known as gni>stD^. and it is an 
indication that the cells are fully charged. Continuing the 
charging-current beyond Ibis point — that is, ()vercharging the 
cells — does no harm to the plalee, but the energj" represented 
by the current is wasted. 

72. On discontinuing the charging-currenl at the gassing 
point, and completing the external circuit of the cell, a current 
will flow in the opposite direction to that of the charging- 
current, the resulting chemical action being to reduce? the lead 
peroxid to lead oxid at the positive, and the spongy lead 
to lead sulfate at the negative, plati*; a secondary action is 
the formation uf a part of the lead oxid at the positive plate 
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into lead sulfate. The sulfates thus formed are not all of the 
same proportions; one exists as red, another as yellow, and 
a third as white, crystals. Of these the white sulfate is best 
known, as it is formed when the celHs considerably discharged, 
and is extremely troublesome. This discharge may be con- 
tinued until all chemical action ceases, and the E. M. F. conse- 
quently falls to zero; but this is not advisable, since, if the 
discharge is carried beyond a certain point, the red or yellow 
sulfates, probably by combination with the litharge PbOy form 
the white insoluble sulfate, which has a higher proportion of 
lead than the others; and this, being a non-conductor, naturally 
increases the internal resistance of the cell, and, when it is 
removed, usually carries some of the active material with it, 
as it is very adhesive. 

73. Sulfatlnja:. — When the cells have been properly 
charged, the positive plate is of a brown or deej>-red color, 
while the negative is a slaty gray. The presence of the 
insoluble sulfate is made apparent by the formation of a 
white coating or glaze over the plates, which are then said to 
be sulfated. If the cells are discharged and left to stand with 
the electrolyte in place, sulfating takes place rapidly. 

As sulfuric acid is formed while charging, the density of 
the electrolyte will vary with the stiite of charge of the cell. 
When fully chargt^l, the specific gravity will have changed 
from 1.17 to 1.22, but during discharge it will again return to 
its previous tlensity. 

The E. M. F. of this type of cell is approximately 2 volts, 
which gradually falls to 1.9 volts when nearly discharged. 
Beyond this point, further discharging causes the K. M. F. to 
fall more rapidly, the decrease after l.S being very rapid. 

74. Buckling. — Notwitlistanding the fact that accumu- 
lators are usually based on their caj>acity, when discharged to 
an E. M. F. of 1.8 volts, a long series of tests shows that they 
should not be continually discharged below \,\) volts, as below 
this point sulfatnig is very liable to orcur, and, the nature of 
the chemical action l>eing changed, it leads also to the distortion 
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of the poeitive plate, known as buckling. The buckling is 
liable to caiiBe the plates to touch and thus to short-circuit 
the cell. 

75> The cause of buckling seems to be the formation of a 
BUlfate in the plugs of active material that fill the spaces of 
the grido, thue causing the plugs to expand; lead having very 
little elasticity, the grid is forced out of shape. As usually con- 
structed, the edges of the grid are heavier than the intermediate 
portion, so that the effect of the distortion is to bulge the plate 
in the C(^nt«r. If the plates are not discharged too far and too 
rapidly, the expansion of the active material is gradual, causing 
the grid to stretch evenly; this makes the plates "grow," or 
increase in area, sometimes as much as 10 per cent. 

70. The amount of material altered liy chemical action in 
a completely charged cell determines the quantity of electricity 
which it may furnish; while the surface of the active material 
exposed to the chemical action determines the riUe at which the 
material is altered, and, therefore, the utTeiiijlh of the current in 
amperes. Cells of this type are rated at a certain number of 
amperv-hours capacity, depending both on the weight and on the 
surface area of tlie active material in the cell. A certain 
economical discharge rale is also recommended, depending on 
the surface of the plates exposed to the electrolyte. The volUige 
of an accumulator liepends solely on its chemical characteristics. 

7T. A 111 IMS re -II ours, — A in pe 1*6 -hours is the product of 
the current-strength in amperes and the number of hours 
during which the current will tlow before the capacity of the 
cell is exhausted. Fur instance, 100 ampere-hours means that 
a current of 100 amperes will flow fur 1 hour, or 4 amiieres for 
25 hours, or any other combination the product of which is 100. 

But it must not be supposed that with a given number of 
ampere-hours it is immaterial at what rate the battery is 
discharged. On the contrary, there is for each size a certain 
rate Wyond which it is not advisable to go, and, if this dis- 
charge rule is continually exceeded, the chemical action goes on 
k>u rapidly, the white sulfate is formed in the active material 
of the positive plate, 6nally causing disintegration of the active 



56 DIRECT CURRENTS. §1 

material and buckling of the plates, even if the discharge is not 
carried beyond the point (1.9 volts E. M. F. ) mentioned above. 
With the ordinary construction, the normal discharge rate is 
about .033 ampere per square inch of the positive plate, and 
the discharge capacity about 4.5 ampere-hours per pound of 
plate (both positive and negative plate included). 

78. Output. — It is evident that the interior portions of 
the active material are affected much more slowly than the 
surface, as the acid penetrates the active material only at a 
comparatively slow rate. Reducing the rate of discharge there- 
fore gives the active material more time to be uniformly and 
thoroughly reduced, thus giving a greater output. This is also 
the reason why the E. M. F. rises to its original value, if the 
discharge is interrupted at any point before a complete dis- 
charge has taken place. 

If a cell is discharged at a rate beyond that most suitable for 
it, the output in ampere-hours will be reduced. Conversely, if 
the rate had been lower, the out[)Ut would have been increased. 

For example, assume the limiting E. M. F. to be 1.9 volts. 
In a certain cell, with a discharge-current of 30 amperes, the 
E. M. F. reaches its limit in 10 hours, giving an output of 
300 ampere-hours. If the discharge-current were 40 amperes, 
the limiting E. M. F. would be reached in about 6^ hours, 
giving an output of only 260 ampere-hours; while, if it were 
20 amperes, the limiting E. M. F. would not be reached for 
about 17^ hours, giving an output of 850 ampere-hours. 

79. Efflciency. — The efficiency of the accumulator (or 
of any means of storing or transforming energy) is the output 
divided by the input. This quotient is always less than 1, as 
the accumulator is not a perfect ntorer of energy. 

The input and output of an uccunmlator may be expressed 
either in ampere-hours (the (luantity of electricity) or in watts 
(the rate of doing work of the current). If tlie cells ))e discharged 
at a normal rate, the ampere-hour efficiency will be ordinarily 
from .87 to .93, or 87 to 93 per cent. The ivatt efficiency at 
normal rate of discharge is lower, being from 65 to 80 percent, 
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depending on the conalructiim of the cell. In a larger cell it 
may be as high aa 84 per cent. 

80. lioss Due to Internal Resistance. — Tlie lose due 
to the internal resistance in well-designed ceils usually amounts 
to about 8 per cent, at normal rate of charge and discharge. In 
a good modern cell, exposing 1,100 square inches of positive- 
plate surface, the internal resistance is about .005, when 
charged. Cells of greater capacity than the above (which is 
listed as 350 ampere-hours) would have a pn>portionately lower 
resistance. 

8 1 . Care of Cells. — It an accumulator of this class is not 
discharged at an excessive tale, nor to more than 1.9 volts 
E. M. F., the poeilive plates should last for al>out 1,200 or 
more discharges; while, if discharged each time to below 
1.8 volts, or at excessive rates, the life of the positive plate will 
not ordinarily he more than 400 or 500 discharges. The 
n^ative plates, with good care, will usually outlast four or dve 
positive plates. 

82. There are several other kinds of treatment that will 
damage the cells. Among these is the habit of connecting the 
poles through a small resistance, tu see if the cells are in good 
order. A current of great magnitude will flow for a moment 
and it will be likely to loosen the paste and cause sulfating 
in the cell. Either a voltmeter or a small incmidescent lamp 
should be used fur this purpose. When the cells are used for 
heating a large cautery, they should not be turned on suddenly, 
but gradually, by means of a variable resistance. 

83. Construction of Cells.— The usual construction of 
the cells is as follows: The plates and electrolyte are contained 
in a vessel of an approximately cubical form; this vessel is of 
gloae, if the cells are not intended to be portable, as the glass 
allows the condition of the plates to be ascertained white the 
cell is in operation. If the cells are intended to be portable, 
the vessel is usually made of hard rubber, or of wood lined with 
bard rubber or lead. The plates are usually approximately 
square, and from ^ to ^ inch thick, according to size. To get a 
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large surface area without using single large plates, and to allow 
of one size of plate btiing used for cells of various capacities, 
each cell contains a number of positive and negative plates, 
arranged alternately, side by side, a short distance apart. The 
number of negative plates is always one more than the number 
of positive plates, so that each side of each positive plate has 
presented to it the surface of a negative. All the positive 
plates are connected together by a connecting strip, usually at 

one corner of the plate, and all 
^^ j : ^.; ^the negative plates are simi- 

^^ //'^ y larly connected. The arrange- 

ment of a typical accumulator- 
cell is represented in Fig. 12, 
where the plates marked N are 
negative and those marked P 
are positive. From a corner 
of each plate a lug projects; 
the lugs on the negative plates 
are joined to a connecting strip, 
as represented at T, and the 
lugs on the positive plates are 
fy similarly joined to a connect- 

O I > ingstripY". These connecting 
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strips are extended beyond the 
limits of the cell, and serve to 
connect the various cells of the 
battery together, as shown at 
C* the connection being made 
by a brass l)()lt, which firmly 
clamps the connecting strips 
together. 

The plates arc placed in the 
jar /, and they rest on a support made from two strips of wood 
(usually boiled in paraflin) of triangular section *S' *S'. These 
support the plates at sucli a height that any loosened particles 
of active material fall below the levt'l of the bottom of the 
plates, thus preventing possii>le short-circuiting. When in 
position, the electrolyte is poured in until it reaches the line 
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84. Chlorld Aceum 
the plaleg, it is claimed, 
tion of the pasted plale i 
life of the Plants plate, i 
plates of this type of c 



iilator. — A form of cell in which 
Rombine the cheapnesB of prepara- 
vilh the greater solidity and longer 
i the chlorld Hfcmniilator. The 
e 08 follows: A mixture of 
zinc chlorid and lead chlorid ia melted and run into molds, 
which form it into cylindrical pellets, or pastils. These have a 
lievel-shaped edge. The pellets are placed in a second mold, 
l>eing held in position by Btet:l pins, and an alloy of lead and 
antimony is melted and forced in between the pellets, under 
heavy iiressnre. When this cools it forms a plate, binding all 
the pellets of Kinc and lead chlorid together. 

85. This plate cannot be used in this form in an ac^.umu- 
lator; a number of these are first set up in a hath of dilute 
sine chlorid with plates of zinc, to which the lead plates are 
connected. These plates then act as the elements of a primary 
battery, and the resulting chemical action dissolves the zinc 
chlorid contained in the pellet^ 
and convertfl the lead chlorid into 
metallic lead, which assumes 
crystalline form. The plate is 
now practically a continuous lead 
plate, solid and dense in some 
parts and porous in others. The 
plates in this condition are suit- 
able for negative plates; those 
required for jmsitive plates an' 
then set up witli plain jiJates in 
a bath of dilute sulfuric acid, and "" ~ 

A forming current sent through them from the prepared to the 
plain plates. This current causes the porous parts of the platea 
to be fornicl into lead peroxid and into lead sulfate; the plate is 
now the equivalent of a pastod plate, and is an improvement 
through having ittt active material firmly bound in place in the 
OOmptwite grid. 
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Fig. 13 shows a part of one of these plates; the section 
taken along the line a b shows the shape of the plugs. The 
holes in the plugs are caused by the pins by which they 
are supported in the mold. The requisite number of these 
prepared plates are then set up together to form a cell, positive 
and negative plates alternating and being connected to common 
conductors, as in other types of cells. (See Fig. 12.) The 
plates are each surrounded by a sheet of asbestos paper, and 
are separated from each other by a thin wooden strip, f-o 
thoroughly perforated with large holes that it really fills little 
of the space between the plates. 

86. The E. M. F. of this form of accumulator is the same 
as that of the Faure (pasted) type or the Plants. It is claimed 
by the manufacturers that, because of the solidity of the con- 
struction, buckling and loosening of the active material are 
practically impossible, so that the cells may be discharged 
to a low E. M. F. or at high rates without serious injury. 
Its output per pound of element is greater than that usually 
assigned to lead accumulators, being about 5 ampere-hours 
per pound of plates (both positive and negative) at normal 
discharge rates. 



bimetallic: acc:umulators. 

87. Classes. — In this class of cells the elements consist of 
two different metals, the electrolyte being a salt of one of the 
metals. There have been several combinations of materials 
proposed for cells of this type, but the only cells that have 
been actually used to any extent are the zinc-lead, copper-lead, 
and copper-zinc cells. 

Few of these cells are suited for the use of the medical 
practitioner, partly bocauso they require a daily discharge, being 
unable to retiiin their charge more than a few days, and also 
because the cells are constantly disintegrating, both when used 
and when not. The only exception ti> this is the Edison 
storage-battery, which is claimed to be superior to any of the 
bimetallic as well as to the lead aecuinulatoi*s. 
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88. Edison's Storage- Battery. — Among the advantages 
claimed for this battery are the following: 

1. Absence of deterioration by work. 

2. Large storage capacity per unit of niaes. 

3. Capacity of being rapidly charged mid discharged. 

4. Capacity of withstanding careless treatment. 

5. Relative cheapness. 

The negative pole is attached to au element coneisting of a 
linely divided compound of iron with an e>iual volume of 
graphite flakes, and the positive to one consisting of sLiperoxJd 
of nickel; it may therefore be called a nickel-iron cell. The 
electrolyte is potash, preferably a 20-per-cent. solution of potas- 
sium hydroxid, the freezing temperature of which is 20° below 
zero, Fahrenheit. 

The initial voltage of discharge is 1.5, while the mean voltage 
of full dischiirge is approximately 1, 1 volts. The normal 
charging current rate is about 8.G4 amperes per square foot. 
Charging and discharging rates are alike and may be 3J or 
only 1 hour without any apparent detriment. 

The positive and negative plates are mechanically alike, and 
consiet of a thin sheet of steel in which rectangular holes are 
stamped. Each hole or opening is fillet! with a pocket or 
shallow box containing the active material; the box is per- 
forated with numerous small holes to admit the electrolyte, 
but conceals entirely the contained active material from view. 
The cell may be fully discharged to the practical zero point of 
E. M. F. without detriment. 



USES OP ACCUMULATOKS. 

89. Advantages. — When, for me<lical purposes, a current 
of considerable strength is occasionally required, with long 
intervals between, accumulabirs constitute an ideal source of 
electric power. Primary cells might be directly apphed in , 
euch cases, but on account uf their high internal resistance 
either a considerable number of small cells or many large cells 
would be required to furnish the necessary current. If, bow- 
ever, primary celts, say of the gravity or other type, giving a 
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constant E. M. F., are used to charge secondary cells, the 
charging can go on continuously day and night at a slow rate, 
and at any time the secondary cells may be drawn upon for 
a considerable current, far beyond the capacity of the primary 
cells themselves. This method is often adopted in surgeons* 
offices, where a considerable current is occasionally required 
for cautery-work or other purposes. 

90. Charglng-Current. — It has been found that in 
charging an accumulator only a small part (about 8 per cent.) 
of the E. M. F. required to force the current through the cell is 
expended in overcoming the resistance of the plates and the 
electrolyte; the remainder is expended in overcoming the 
E. M. F. of the chemical action of the cell. It follows, then, 
that if the applied E. M. F. be just equal to the E. M. F. of the 
cell, no current will flow, so that the E. M. F. of the cell itself 
may be considered as a counter E. M. F. opposing that of the 

charging-current. To apply Ohm's law IC-—,^] to this case, 

E must be considered as representing the aUjehraic sum of the 
applied and the counter E. M. F., or E= applied E. M. F. 
— counter E. M. F. This is another way of saying that the 
E. M. F. required to drive the chunjiiKj- current through the cell is 
not only that required to overcome its ohmic resistance, but 
that to this must be added an E. M. F. equal and opposite to 
the E. M. F. of the cell itself, due to the chemical affinity of 
the substances of which it is composed. 

In charging, then, if from any cause the E. M. F. of the 
charging-current be changed by a small amount, the charging- 
current will be altered in a much greater degree, de})ending 
on the ratio between the aj)pliod E. M. F. and the difTerence 
between the applied and the counter K. M. F. For example, 
consider a cell that has been discharged until its E. M. F. 
is 1.925 volts (on open circuit). The resistance of the cell is 
.005 olim and its normal charging-current is 35 amperes. 
From Ohm's law: E=^ CX A*, we find the E. M. F. rc^ipiired 
to send this current through the given rejsistance. The neces- 
sary voltage is E = 35 X .005 = .175 volt; but to this must be 
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added the wunUT E. M. F. of the cc]l itself, viz., 1.925 volts. 
The applied E. M. F. must then be 1.925 + .175 = 2.10 volts, 
in order to cause 35 acijmres to flow. If the applied E. M. F. 
drops to 2 volts, it is evident that, the couDt«r E. M. F. being 
the same, thp avQilal.le E. M. F. ia 2 — 1.925 = .075 volt, and 
the current that this K. M. F. would be able to drive through 

thecell is C^^ — ;= -j^ = 15 amperes. Thus, adrop in the 
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applied E. M. F. of 



.006 
.1 
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r about 5 per cent., causes the current 

to fall off more than 50 per cent. This shows the necessity of 
having the source of the charging-current so arranged that the 
E. M. F. may Im closely adjusted, in order that the charging- 
current may be maintained at its proper value. 



91. ChaticlnR of Accumulators.— Accumulators may 
be charged either hy means of a primary battery, a small 
dynamo, or the commercial lighting current. The first method 
is the most expensive and would be used only in cases where 
there ia no choice in the matter, as tor instance, in isolated 
locations. Kven then it would he preferable to use a small 
water or gas motor that could drive a direct-current dynamo, 
and in this manner supply the accumulator with the necessary 
current for charging. In cities where the in candescent- lamp 
current is available, then, it is undoubtedly the cheapest and 
most convenient method to use the latter tor chai^ng purposes. 

The question may be asked, it the lighting current is at 
hand, why use storage-batteries? One reason is that the 
storage- battery is transportable and may he brought to places 
where they aru the only means for providing an electric current. 
Another reason is that in cautery and Roentgen-ray work, cur- 
rents are often required of a strength that is far beyond what the 
local lighting circuits are intended for, and the safety fuses 
would consefiuentfy burn out. 

Detailed information about the charging of storage- batteries 
is found in The I'hysics of Roentgen Ray» and Physics of Light 
and Gmtery, The main thing is. that the positive pole of 
the charging circuit is connected to the positive pole nt the 
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storage- battery. If there is any doubt on this point one of the 
various methods for testing the polarity of the conductors 
must be used. 

92. Testing of Polarity. — One method is to dip the two 
conductors into a tumbler of water, holding them some distance 
apart. As twice as much hydrogen gas will be released at the 
negative conductor than oxygen at the positive conductor, it is 
easy to distinguish them, but great care must be used not to let 
the two conductors touch each other. In that case a very 
heavy current would pass through them, resulting in some 
damage to the circuit, as far as the burning out of fuses, etc., is 
concerned. 

Various pole-testers are in the market that may be used for 
this purpose. They consist mostly of a glass tube into which 
two terminals are projecting, the tube being filled with some 
solution and sealed up. This solution may be one of iodid 
of potassium to which a small amount of starch has been added, 
lodin is liberated at the positive pole and gives the starch a 
blue color. Instead of iodin, phenol-phthalein may be used; in 
that case, a red deposit is seen at the negative electrode. 

93. Density of the Electrolyte. — A hydrometer 

should be used to ascertain the density of the electrolyte. The 
volume of the electrolyte will gradually diminish during the 
operation of the cell, due to evaporation and to the evolution of 
gas when the cell is charged; this loss should be made up 
by occasionally adding pure water or acid if the density, as 
indicated by the hydrometer, is too low. 

94. Measurement of the K. M. F. — A portable volt- 
meter should also he provided which shall have a capacity 
such that the E. M. F. of a single cell may be accurately 
measured, so that, if the action of any cell seems to be irregular, 
its condition may be determined by measuring its E. M. F. and 
comparing it with that of the other cells. 
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SELECTION OF A BATTERY. 

95. General Requirements, — It is not easy to select the 
proper t-ulls for medical purposes. An ideal ct'l! for both port- 
able and stationary batteries would be otic that is cheap, light 
in weight., and in little need of attention; but ull these attri- 
butes are not found in one cell; and compromises must therefore 
be made. For a stationary battery, the size of the cell might 
not make much difference. WTien it comes to portability, the 
dry cells would seem to he the most suitable, hut practice 
demonstrates that the Grenet Itattery renders the beet service, 
when a heavy current is demanded. Lately the Hydra semi- 
dry battery has shown itself to be very efficient, delivering as 
much as 25 to 30 amperes. 

96. Cautery and Iilg:htlns. — For cautery work and for 
lighting sraall incandescent lamps, then, undoubtedly a 2- and 
a 4-cell accumulator, respectively, will he the most service- 
able. They should have a switch for arranging the cells in 
parallel or in series, and also an adjustable resistance. Should 
there he difhcuities in recharging the battery, then a large-sized 
bichromate batt«ry of, say, from 4 to 6 cells, may replace it. It 
is not advisable to have too many difTerent kinds nf batteries. 
It is better to make one battery serve as many purposes as pos- 
Btble; there will then be less expense for maintenance and less 
trouble in caring for them. The Daniel! cell, the bichromate 
cell, or the Edison- Lai an de may be used to recharge an accumu- 
Ifttor, it no other means are at hand. 



CABE OF BATTEHIES. 

97. Renewals. — ^In the care of batteries, there is little to 
add to whal has been already said. A dry cell needs no atten- 
tion BO long as its E. M. F. remains constant; as soon as the 
latter hegins to fall off very materially, the cell needs to be 
leoewed. This is a distinct disadvantage, because one must 
mostly send to the manufacturers for a new cell. Edison- 
Laliinde cells will work without further attention until 
exhausted, when new plates and solutions must he put in. 
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The Leclanch6 cells also require little care except an occasional 
addition of water to replace the amount lost by evaporation. 
Any tendency of the exciting liquid to creep over the edge of 
the cell must be prevented by coating the exterior of the upper 
part of the cell with paraffin wax. The red-acid cells last much 
longer when a small amount of mercuric bisulfate is added to 
the electrolyte. 

98. Contact Surfaces. — When an acid enters into the 
composition of an electrolyte it is apt to cause trouble because 
of its tendency to oxidize the metallic surfaces connected with 
the cell. All oxids are poor conductors, hence the necessity 
of removing them with a piece of emery-cloth. As a con- 
tact surface cannot be too bright and free from all greasy 
substances, it is important to give the connections a great deal 
of attention. Should there be any suspicion about the contact 
surfaces of the ccmnections, they must be rubbed with a piece 
of emery-cloth, and the various screw connections made tight 
to make certain that they will remain in good contact. It has 
already been said that the zincs must ])e amalgamated, and care 
must be taken that they remain so. 

99. Care of Bichromate Cells. — It is less easy to take 
care of the bichromate cells and to know when the electrolyte 
needs renewing; but as a rule this ought to take place when its 
color is a dark green. Sliould the color of the electrolyte be 
orange, and the cell yet show some weakening in its action, then 
the addition of some sulfuric ac^id may improve it. If the 
bichromate cells are used daily, the electrolyte will need renew- 
ing in from 3 to 6 weeks. The elenjents should then be removed 
and suspended in a jar witli cold water in which about a table- 
spoonful of salt has been dissolved; tlie water should not be 
permitted to wet the switihi)()ar(l. Most of the impurities in 
the carbon will be dissolved when tlu^ water lias assumed a 
greenish hue. After a thorough soaking, tin* clonients are 
rinsed off in cold water and thoroughly (hied with a rag. They 
are then replaced in the battery. The importance of lifting the 
zincs out of the electrolyte when not in use has already been 
dwelt upon. 
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100. Care of Electrodes. — When the battery has been 
used, the electrodes should never be thrown down in a careless 
manner, as either the battery as a whole or one of the cells may 
be short-circuited. Such a short circuit is deleterious to all bat- 
teries and to dry batteries in particular. The latter are in most 
cases permanently damaged by short-circuiting them, because 
the polarization that will take place is so excessive as to make it 
impossible for the cells to again recuperate. A few minutes of 
this accidental contact is enough to cause the damage; it is 
therefore advisable to form a habit of placing the electrodes in 
a proper position, where short-circuiting is impossible. Atten- 
tion must also be given to the insulating covering of 
electrodes. After frequent use the insulating material will wear 
through, or it may be, at any time, accidently injured. In this 
case, the bare conductor may make contact with one of the 
metal connections and cause a short circuit. It is likewise 
possible that some instrument may in a hurry be laid down on 
the switchboard and make an unintentional contact between 
separate connections. 

101. Poles. — After a battery has been disconnectesd for 
the purpose of cleaning or renewing, it is important to see that 
the connections are properly made and that the poles have not 
been reversed. Should there be any doubt on this point, it is 
well to make certain that the positive electrode has been con- 
nected to the positive binding-screw of the switchboard. For 
this purpose various pole- testers may be used; or a piece of 
moist litmus paper may be placed on a piece of glass and 
inserted under the ends of the two electrodes without letting 
the latter touch each other. Acid will be liberated at the 
positive pole and will redden the blue paper, while under the 
negative pole the red paper will turn blue. 
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ELECTRIC CmCUITS. 



CliASSIFICATION OF EI.ECTRIC CIRCUITS. 

102* Voltaic Cell. — Before proceeding to the consider- 
ation of means, other than cells, employed in the production 
of an electromotive force, it is advisable to first consider the 
voltaic cell in connection with conductors of various resistances. 

103. Circuits. — We have already seen, when studying 
Ohm's law, the general effect of an E. M. F. and of a resistance 
on the strength of an electric current; but there are certain 
other effects produced by the installation of a voltaic cell in a 
circuit, which call for very careful consideration, particularly 
as such combinations play a very important part in medical 
treatment. 

1. What Is a Circuit f — First let us consider the meaning of 
the word circuit. It is evident that a battery, in and by itself, 
is of no utility as a therapeutic agent; it must, by means of a 
conductor, be brought in conmiunication with some device or 
subsUuice that is to be affected by the electric -current. Let it, 
for instance, be supposed that a cautery is to be heated; then 
the positive landing-screws of the battery and cautery are con- 
nected together by one wire, and the negative binding-screws 
by another one. We have then what is termed a circuit — that 
is, a combhiation of an electric source with conductors and 
various receptive devices arranged in such a manner that the 
electric current is allowed to leave the source at one terminal, 
traverse the various conductors and devices, and return to the 
source at the other terminal. The whole ])ath is the circuit, 
and it is said to be chsed so long as the current is permitted to 
pass, and to be open, or broken, when tlie current is interrupted 
at some part, preventing a How of electricity. In order that a 
current may How, there must always ))e a closed circuit. 

2. Grounded, or Earth, Ctrcuih. — When the earth or ground 
forms- part of a circuit it is called a grounded circuit, or an earth 
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arciiit. Such connections are made when electrostatic machines 
are used, and are also utilized in telegraph lines. 

3. External and Internal Circuits. — That part of a circuit 
which is external to the electric source is called the external 






circuity while the remaining part of the ('ircuit, included within 
the electric source, is called the internal circuit. For instance, 
in the case of the simple voltaic cell, the internal circuit 
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conHJHtH of tho two metallic platen, or elements, and the Hquid, 
or electrolyte; th(i external circuit woultl he some external hody, 
jiH part or whole of the human organism, and the conductors by 
means of which it is connected to the cell. 

4. Divided Cirniitif. — When a circuit divides into two or 
more bmnches, as in Figs. 19 and 20, wliere each branch trans- 
mite part of tlio current, it is called a divided circuit; the 
branches are said to be connected in pandlel. Eacli branch 
taken separately is called a shunt. It is rarely the case that 
one primary cell or one accumulator cell alone is able to furnish 
eithor the E. M. F. or the current that is required in an 
electric circuit. Likewise is it exceptional that only one single 
ret^eptive device is includeil in the circuit. In most cases a 
number of cells are required to give the requireil current- 
strengtli and thes'^ cells may then be arranged in various ways, 
tlepending on the cimditions to l>e fulfilled. 

h. Series, — When the cells are arranged in the manner 
indicateil in Fig. 14 (d), they are said to he arrangeil in series. 
Four dry cells i, 2, S, 4^ are here represented with their carlK)n 
binding- posts V and zinc binding- |X)sts Z- Plus and minus 
signs indicate, resptvtively, the ix><itive and negative binding- 
|H>8ts, while the arrows show the direction of the current. It is 
seen that the pi^>sitivo post of one cell is connect eil to the 
negative of the adjoining one by means of wires ir,, and that 
the two exterior posts are j«>ineil by means of tlie two con- 
ductors ii and b to the rt»sisl;mcc-coil A*. Tlic tr/* 'V current 
|>asst*s su«.\vssivcly thrvnigh : rr \ veil. 

tv l\inilU': jr .l/'.."::i V —In ihv arnintrcnu-nt shown in 
Fig. 14 v^V the cells arc Sv* c^Mir.cvtcvi ti.:it v.i.h ct 11 supplies 
onlv a rV'.r-fi\ M of tlic iv^tal ourrt:.:. Svparato i :;i!i..li wirt-s »<-. 
connivl the iKViidvc biiuiir.ii-iv^st . t t.^i: ^.-.l'. w::h :*:.r c»:iiiu'Mi 
|HV>itivc CvUiduclor ;. :v:.vi ::.e 'tlu-r ': r;ir./.. 'virts . • «M\::tM tl.»^ 
ncg:Uivc bituiii^i;- :^^s:s v\:th ::.^ :\t- -tv • : : ;;: \ \z:\::\ R 

repre^^cnis :\ rts>uv!A>-:o:. iv<--r*-.-: • v - •:::. Arru:;.:— 

ments in series -i:\v; i\i:.;'U! ,ur : .- :\ :.::•. I .:::i?:;tal o:><. 
and the f*^!-^>\::^i: :> siv :^'v .i v* :; ■ i .-.' • : :" • 'x .. 

7 /*..-. N. - . N I ""^ - ^ •. • • • ^ • " X ^- . 

^^ ^, O. V l^ 1 "i .' % Arx. II... slv ..» ... ... —^^ *•• '^I.--.. '.i-lr 
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are connected with one another in series, and the various groups 
then connected in parallel. The wires w, connect each series- 
group with the common positive conductor a, wires t/?, connect 
the individual cells of each group, and wires w, connect each 
group with the negative conductor b. The two main conductors 
are joined by the resistance R. 

As already said, these combinations do not refer to voltaic 
batteries solely, but also to electric lamps, dynamos, motors, in 
fact to any combination of electrical apparatus in which either 
an electromotive force is to be produced or utilized. Any 
combination of electric lamps, dynamos, motors, etc. is called a 
battery of lamps, dynamos, or whatever it may be. When 
speaking of a single voltaic cell it is incorrect to call this 
a battery. 

The results that may be obtained by means of these various 
combinations will be more fully explaine<l later. 

104. It is evident that, in a combination in which a 
battery constitutes part of the circuit, the battery is not only 
acting as a source of E. M. F. , but constitutes also a part of the 
total resistance of the circuit. We shall see later on that this 
internal resistance of the battery is under certain conditions 
very effective, and in many cases determines the most suitable 
arrangement of cells for the production of the proper current- 
strength. 

105. When electromotive force was described and illus- 
trated by means of Fig. 1, its general effects were considered 
only so far as they related to the starting of an electric current. 
We shall now proceed to consider more fully the variations 
an E. M. F. undergoes in passing from one part of a circuit 
to another. 



IX>S.S OF ELKCritOMirriVE FOHCK IN A Cl^OSED C'lHCIJIT. 

106. **Wiitoriii<>tlve'' Force. — As soon as a voltaic 
cell begins to send a (Uirrent through a circuit, there immedi- 
ately arises in its path an obstac'le in the form of a rt'sisUince, 
which has to be overcome; this can t)nly be done by a certain 
expenditure of electromotive force. To make this more clear. 
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we will again use as an analogy the flow of water in a pipe. 
In Fig. 15, 7* Ib a tank of water communi<»ting with the pipe 
EN. If water is permitted to flow through this pipe, the 
quantity of water that passes at any point of the pipe will be 
the Bame, and the rate of Sow, or the quantity that passes any 
point in 1 second, will also be the same so long as the level in 
the tank remains at the same height Should the supply be 
insufficient and the level lall, then the flow would still be 
uniform in all parts of the pipe, but less water would flow 
through the pipe as a whole; that is, the rate of flow would be 
smaller. Although the flow is uniform, the pressure per square 
inch at the various parts of the pipe would not be the same. 
To convince ourselves of the truth of this statement, let us 
insert a series of tubes «, b, c, etc. in the upper side of the 
pipe E N. When the end N of the pipe is closed, we observe 
that the water will rise in all the tubes to the same level as that of 
the water in the tank; but as soon as water is permitted to flow 
through the outlet at N, this uniformity of level is disturbed 



and we find the water in the tube ncareGt the outlet to lie so low 
as to be hardly visiblf, while from jV toward E the water-level in 
the other tubi-H gradually rises along a line i-,/, *', etc, called the 
kydraulic iimiUrtit, until the water in tlie tube (i. iw very nearly at 
the same level ub ths^ wakT in the lank. As these tubi-s are in 
reality preesu re-gages, the wator in vacli tube will only rise 
to such a height that the weight of the water-column in the 
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tube is sufficient to counterbalance the pressure at tliat part ot 
the pipe. 

The question now to be answered is, Why should not the 
water in the vertical tubes retnain at the same level as that of 
the water in the tank when the outlet at N is open? The 
answer is, Because the water in motion meets a certain frictional 
resistance along the inside of the pipe, which it can only over- 
come by losing sonip of its pressure, A similar case would be 
that of a eled gliding over an icy surface; its trictioiinl resist- 
ance is small until it meets a sandy spot, where the pull must be 
materially increased, bet-ause a large amount of power has to be 
devoted to overcoming the increased friction. The pressure and 
the pull that are used in both cases are transformed into heat. 



107. I.C1SS In I*i*easiire. — The total loss in pressure in 
the pipe R A' is indicated by the difference in the level of tlie 
water in the tube k and that in the tank, and if we suppose 
the length of the pipe to be 12 feet and the level ot the water in 
the tank 27.5 feet above that in k, then the pressure per square 
inch at K will be 12 pounds. If we further assume the cross- 
sectional area of the upright tubes to be 1 square inch, then the 
weight in pounds of the column of water in each tube will cor- 
lespond to the pressure per square incli at the base of the tube 
in the pijM. The tubes are supposeil to be 1 foot apart, and the 
leductJon of pressure in each section or in each tube will 
tbenfore be ^ of the whole, or 1 pound. The level in e^ich 
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consecutive tube will be 27.5 inches below that of the preceaing 
one. We can see that the water in flowing from E to a has lost 

I pound in pressure, and that at a it has only a pressure of 

II pounds. This pound lost was consumed in overcoming the 
friction in section Ea. When we proceed to the tube/, we find 
that the pressure has decreased by 6 i)ound8, and that a pressure 
of only 6 pounds remains for forcing the water through the rest 
of the pipe. The excess of pressure at a over that at h corre- 
sponds to the difference of level at a' and ^', and this is the 
pressure that is needed to propel the water through that section. 
The force which causes the water to flow through the whole pipe 
is that due to the difference in level between the water in the 
tank and at N, and may be called the watermotive force. 

The loss in pressure which takes place in the various sec- 
tions a b, h c, etc. is uniform so long as the cross-sectional area 
of the pipe remains the same and the sections are of the same 
length, but when a resistance is interposed in the pipe, the fall 
of i)ressure will be more sudden. This is seen in Fig. 10, where 
a plug P is inserted in the pipe. As there is only a small 
aperture z in this plug, through whicli the water can flow, it 
necessarily limits the ivhole flow and reduces its rate. The 
general loss in pressure will also be less corresponding to the 
reduced rate of flow. We see that the pressure suffers little 
reduction in the tubes a, />, c until the plug is reached, when the 
pressure falls very suddenly along the line p d\ the fall being 
caused by the friction to which the water is exposed in passing 
through the plug. After leaving 1\ the pressure again falls 
gradually along a line i)arallel to a' p. 

108. E. M. F. Ill an Kiectrio Circuit.— We are now 

in a ])osition to more easily coni])rehend the action of an 
E. M. F. in an electric circuit. In Fig. 17, 7, ^, J, -^, 5, 6* is a 
battery of dry cells conneclt^d in sericr^, the })ositive })ole being 
connected to the binding-post A of u carbon rod A L and the 
negative pole to the other ]>inding-post L, The ))attery may, 
in this case, be regarded as a niacliine that raises the jjressure, 
or potential, of electricity from zero (or that of tlui earth) to an 
amount that may be re})resente(] i)y tlu? line a a', or, in other 
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words, the distance a a' represents the available electromotive force 
of the battery. If the connection were l)roken between L and A 
so that no current could flow we may suppose that the elec- 
tric pressure imparted to the carbon would be evenly distributed 
along the whole length. This pressure may be represented by 
the line CD, its height above the rod A L indicating the 
amount of this pressure. It is seen that this pressure is the 
same along the whole length of the carbon rod. 

Let it be assumed that the E. M. F. of the battery is 12 volts, 
and that the total resistance of the rod ^ Z is 11 ohms, while 
that of the battery is 1 ohm; in all, therefore, 12 ohms. Each 




Fig. 17. 

of the sections a 6, be, etc. , of the rod will be of 1 ohm resist- 
ance, there being 1 1 sections. Knowing the total E. M. F. and 
the resistance, we can, by Olmrs law, find the current in 
amperes that will pass through the circuit. The formula 

E 

C=^ "5, in which E -~ 12 volts and R - - \2 ohms, will give C 

the value of || -- 1 ampere. The E. M. F. of the battery will 
therefore send a direct current of 1 ampere through the carbon 
rod A L. 

109. Current-Htren^ftli. — As it was found that the same 
amount of water was llowing in any part of the pipe in Fi^. lo, 
so we have the same amount of electricity llowing through any 
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part of the conductor. No matter how much the pressure may 
vary from point to point in the circuit, the current-strength in 
amperes remains constant The current-strength is always the 
same in all parts of the circuit. This must be borne in mind, 
as the mistake is often made of supposing the current-strength 
to vary in the several parts of a circuit in accordance with the 
E. M. F. The total E. M. F. of a circuit determines once and 
for all the resulting current, and the latter remains unaltered as 
long as the determining factors, E. M. F. and resistance, remain 
constant. The strength of the current will only change when 
either of these change, and then the flow will be altered at once 
in the whole circuit, not in parts of it. When a change in current- 
strength occurs in a circuity it does so uniformly, and not more in 
one part than in another. 

Let us now examine more closely into the alterations that the 
E. M. F. will undergo in the circuit illustrated in Fig. 17. We 
have already found that the resistance of 12 ohms will consume 
the entire E. M. F. of the battery; that is, the E. M. F. suffers 
a loss, or drop, of electric potential in the direction in which the 
current is flowing, and this difference of electric potential is 
caused by the flow of the electricity against the resistance of the 
conductor. 

110. I>rop of Potential. — The drop of potential between 
two points, say between a and b, is also found by means of 
Ohm's law; t?ie drop really represents the pressure or E. M. F. 
needed to send the current from a to h. To fmd this E. M. F. we 
use the formula E =^ C X R- The values of C and R were 
found to be 1 ampere and 1 ohm, respectively; E is therefore 
1 X 1 =^ 1 volt; that is to say, there is a drop of 1 volt in each 
division a 6, be, cd, eic., and, as the resistance of the battery 
was 1 ohm, there is also a loss of 1 volt in the battery itself. If 
it is desired to find the loss of potential from a to c/, the same 
formula is used, but one of the factors must now be changed; 
there are now three sections to consider, and therefore a resist- 
ance of 3 ohms. The formula will then read: E -- 1 ampere 
X 3 ohms ~ 3 volts; hence, the drop or loss in the part a d is 
3 volts. 



§1 



DIRECT CURRENTS. 



77 



The diagram also shows the loss of E. M. F. in any part of the 
circuit by drawing a vertical line from the point in question on 
line A L to line CD. Suppose, for instance, we wish to find the 
conditions at point g. The distance between the line A L and 
CD gives the total E. M. F. supplied to the conductor; of this 
E. M. F., the part above the line C L is lost, and the part below 
the line — that is, the line ^r ^r'— corresponds to the amount of 
E. M. F. that remains for sending the current through the rest 
of the circuit. 

111. Battery E. M. F. — In the preceding example we did 
not consider that loss of pressure which the current suflFers in 




Flu. 18. 

passing through the battery, but, as this is a point of some 
imi>ortance, it will now be considered more fully and illustrated 
by means of Fig. 18. 

The calculation of the loss of E. M. F. between any two 
[)oints is simple so long as the resistance of the circuit is 
uniform throughout its length. When the circuit is made up 
of parts with diflfering resistances, then more care is required to 
determine the real loss or drop. A circuit of this character 
is shown in Fig. 18. The entire circuit is divided into three 
parts: a 6 conttiining the battery of 15 volts E. M. V. and 
12 ohms rc^sistance, a resistance coil b r of 12 ohms resistance, and 
a conductor ct/ of G ohms resistance. These three resistances 
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are designated by the letters r^, r,, and r,, respectively; the cir- 
cuit is completed by means of the return wire da with a 
negligible resistance. 

The entire E. M. F. of the battery is represented by the line 
b «, and the drop of potential in the external circuit is supposed 
to take place along the line/tZ. Suppose it is desirable to find 
the loss of E. M. F. in each of the three divisions aft, be, cd. 
Before this can be done, the current-strength of the circuit must 

E 
be found. Here Ohm's law, C= ^, is utilized; J5^=15, and 

/? == rj + r, + r, = 12 + 12 + 6 = 30 ohms; therefore, C= i| 
= .6 ampere. When the battery B is arranged as in the present 
instance, the cells are in series, as shown in Fig. 14 (a). The 
nature of this combination will be made clear further on; for 
the present, it will be sufficient to know that the pressure of 
each cell is added to that of the preceding one until finally the 
pressure reaches the value of 15 volts, as indicated by the line 
b e. The line a e would show the increasing pressure of the 
battery as we approach the terminal 6, but, as the battery has a 
resistance of 12 ohms, evidently a portion of the pressure must 
be lost while the current is traversing the whole battery. The 
latter has therefore to be treated as the rest of the circuit, and 
the drop that takes place in the battery calculated before we can 
know what the E. M. F. in the external circuit will be. 

The drop is found by the equation E - Cx R; since C isa 
constant all through tlie circuit, it is necessary to change R 
only, and in each case to substitute for R the values of r„ r,, or 
r„ as the case may })e, in order to find tlie various drops 
gp f„ and f,. 

First, we have the battery itself, where r^ — 12 ohms; there- 
fore, (\— Cx r^r=.5 X 12 = 6 volts. The loss of voltage 
or drop that the current midergoes in passing through the bat- 
tery is therefore G volts. Let us consider this point a moment, 
as it is necessary to be perfectly sure about tliis important part 
of the circuit. It was stated that the E. M. F. of the battery 
was 15 volts, and one would naturally su})])Ose that this pres- 
sure would remain constant no mailer what took place in the 
rest of the circuit. lUit we sec now that this E. M. F. is 
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15 volts only when the battery is at rest, that is, when no cur- 
rent is flowing. As soon as the circuit is closed, the battery 
suffers like the rest of the circuit from the effects of resistance, 
and by reason of its resistance of 12 ohms, its E. M. F. of 
15 volts is reduced to 15 — 6 = 9 voits; that is, when the cur- 
rent enters the resistance-coil at point r, it has an E. M. F. of 
9 volts only, and the line a/ will therefore indicate the rise in 
pressure of the battery. 

We now come to the resistance-coil be; here, e^=r-. Cx r„ 
that is, e^ = .bX 12 = 6 volts. The E. M. F. is now reduced 
by another drop of 6 volts, and 3 volts only remain. In the 
last division cd we have finally a resistance r, = 6 ohms, and 
the drop e^ will be (7 X r, = . 5 X 6 -- 3 volts, a pressure sufficient 
to send the current to the battery through the return wire da. 
The resistance and loss in the circuit is shown in the following 
table, giving the corresponding drop for the various resistances: 



RefiiRtance 
Ohms. 


Volte. 


Current 
Amperes. 


r. — 12 


e, — 6 


C— .5 


r,— 12 


e^ 6 


C-.5 


r..^- 6 


c, = 3 


C— .5 


Total, r = 30 


E-^ 15 


0^.5 



DKUIVEl) C^rUUENTS. 

112. Conductivity. — So far we have considored the flow 
of an electric current in a single conductor. It is evident that 
there may be circuits in which the current flows between two 
points through two or more conductors, and that the current at 
these points will divid(», one j)art flowing in one conductor and 
the other part in the other conductor. To know beforehand 
how many amperes will flow in each conductor or branch is of 
some importance, and the application of ()hm\s law to a 
combination of this character will now l»e shown. It will be 
necessary beforehand to make an explanation of tin* word 
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conductivity. Various substances have been spoken of as 
good conductors, meaning that they offer little resistance to the 
passage of an electric current, or in other words, that they are 
of high conductivity. It is therefore evident that conductivity 
is the inverse of resistance, its reciprocal. 

As the term resistance is that most frequently employed, the 
term conductivity is rather superfluous. In fact, though there is 
an established unit of conductivity, the mho, it is rarely used, 
the term conductivity being employed merely because it is con- 
venient in a few calculations relating to divided circuits. For 
example, if the resistance of a circuit is 1 ohm, its conduc- 
tivity is 1 mho; if the resistance is 2 ohms, the conductivity is 
represented by its reciprocal ^ mho. If the resistance is 
increased to 4 ohms, the conductivity would be one-half as much 
as in the former case, or \ mho. 

The conductivity of any conductor is, therefore, unity divided by 
the resistance of the conductor; and, conversely, the resistance of any 
conductor is unity divided by the conductivity of tliat conductor. 

Note. — In treating derived currents, only that part of the circuit will 
be considered which is divided into branches and in which each branch 
transmits part of the total current; the rest of the circuit is assumed to 
be closed through f«ome electric source, as, for instance, a voltaic 
battery. 

113. Derived Circuit of Two Branches.— Fig. 19 

represents a derived circuit of two branches. 

Let r, and r^ ^-- resistances of tlie two branches; 

c, and r, - currents through the two branches; 
C'rrr current in the main circuit. 

Then, (\ + r, --- C. 

When tlio current flows from n to />, if the resistances r, and r 

are equal, the current will 
— . Tt . ^ divide cciually between thetwo 

,. ^ ^C ' y. — =ii- i)ranches. Thus, if a current 

V — .J>^ — ^ of 2 amperes is flowing in the 

pj^ ,r) "»''^^»^ circuit, 1 anij)ere will 

flow through each branch. 
When the resistances are uneriual, the current will divide 
inversely as the respective resistances of the two branches, or, 
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since the conductivity is the reciprocal of the resistance, the 

current will divide in 'proportion to their re^ective conductivities. 

In Fig. 19, the conductivities of the two branches are the 

reciprocals of the resistances r, and r,; that is, ~ and --, 

r, r, 

respectively. As the currents in the branches are proportional 

to their conductivities, we have 

— J_ • JL ^ — I? 
r, r, c, r, 

r r 

Hence, c, = -' X c,, and c, = — X Cy 

r, r. 

Example. — Given, C=60 amperes, ri = 2 ohms, r2 = 3 ohms; find 

Ci and Cj. 

r 3 

Solution. — By formula Cj = -*X<*», we find r^=-X o,. But c^ -f- 

r, z 

r, = C= 60, or Tj -^ 60 — r,. 

3 c 
Substituting for c, its value 60 — r^, we get 60 — C2 = *-^*. 

Transposing, 5 c, = 120, or c, = 24 amperes. Ans. 

Cj = 60 — 24 = 36 amperes. Ana. 

114. Joint Resistance. — It is evident that two con- 
ductors in parallel will transmit an electric current more readily 
than one conductor alone; that is, 
their joint conductivity is greater 
than that of either taken separately. 
This being the case, their resistances 
must follow the inverse law; viz., 
the joint resistance of the two conductors must be less than that 
of either taken separately. 

If the individual resistances of two conductors are equals their joint 
resistance when connected in parallel is one-half of the individual 
resistance of either. 

Suppose a conductor A B, Fig. 20, is split longitudinally into 
two halves a and b. If A B has a total resistance of 6 ohms 
between the points c and cf, evidently the branches a and b 
must each have a resistance of 10 ohmp, since they have only 
one-half of the cross-sectional area of A B, Tlius, their 
joint resistance does not amount to 10 + 10 - : 20 ohms, but to 
J^ = 5 ohms, only. 




82 DIRECT CURRENTS. § 1 

When the individual resistances of two conductors in parallel , 
are tmequnl, the determination of their joint resistance when 
connected in parallel involves some calculation. 

In Fig. 19 the conductivities of the branches are — and — , 

respectively. 

Let K = their joint conductivity; 

R r= their joint resistance. 

1 1 r 4- r 
Then, K=~ + -i = '^•.^-'^«- 

Rule. — T7i^ joint resistance of two conductors in paralhl is the 
qnotirnt obtained by dividing the product of their individual resist- 
ances by the sum of thair individtuU resistances. 

Example. — In Fig. 19, given, rj —4 ohms, r2 = 6 ohms, find the joint 
reflistance A' of the branchefl from a to b. 

SoLrTioN.— Ufling the fonnula i? = — * — — , we have 

^1 -f »•» 

R = z — 7—,i — ,rt — 2.4 ohms. Ans. 
4 -f- o 10 

115. 1. The joint resistance of three or more conductors in 
parallel is equcd to the reciprocal of their joint conductivity. 

Fig. 21 represents a derived circuit of three branches. Letrj,r„ 

r^ and r^ -- the individual resist- 

ance of the three branches, 

respective] v ; therefore, — , — , 

r, r, 

and — represent the individual 

conductivities of the three branches, res])ectivoly. Their joint 
conductivity is 

A^_-= --* -4- -^ _)- A - -/'■^'''^■' /''/"' + /'» :'';^ 
^1 '*. ^3 '\^\''\ 

Since the joint resistance is the rocij>ro(al of the joint con- 
ductivity, 

''\^\^t ^^3-^ nrn^ ^'V 
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which is tlie joint resistance of the three branches in parallel 

from a to h. 

Example 1. — In Fig. 21, given, r, = 5 ohms, r, — 10 ohms, and r, 
= 20 ohms; find their joint resistance from a to h. 

Solution. — The joint resistance is 



iJ = 



r,UT^ 5X10X20 



riT^-\-rir^-\^r^r^ 5 X 10 -f- 5 X 20 -f 10 X 20 
5 X 10 X 20 1,000 o oc^ 1 

= 5(r-f 10b + 200 :^- = ^-^^^ ^*""«' ^''^- 

2. To find the E. M. F. in a derived circuit when the 
current and resistance in each branch are known. 

Kulo. — In any derived circuit, the difference of potential between 
wliere the branches divide and where they unite w ajiuil to the 
product of the sum of the currents in the sej>arate branches by 
their joint resistance in panUkl. 

Example 2. — If the currents in the three branches. Fig. 21, are 16, 8, 
and 4 amperes, respectively, and the joint resistance from a to 6 is 
2.857 ohms, what is the difference of potential between a and b? 

StJLUTioN. — ^The sum of the currents in the branches is 16 -|- 8 -|- 4 
— 28, and 28 X 2.857 =r 80 volts. Ans. 

3. To find the individual currents in any brancli of a 
derived circuit. 

Rule. — Determine the difference of jwtential between where the 
branches divide and where they unite, and divide the result by the 
resistance of tfie branch in question. 

Example 3.— In Fig. 21, assume that the difference of potential 
between a and 6 is 80 volts, and that the individual resistances of the 
three branches are, respectively, 5, 10, and 20 ohms. What is the cur- 
rent in each branch? 

Solution. — ^The current in the first branch is V == ^^^ ampc»res; in the 
second, " J = 8 amperes; and in the third, 20 ~ '^ amperes. Ans. 

4. To find the individual resistance of any branch of a 
derived circuit. 

Rule. — Determine the difference of potential between where the 
branches divide and where they unite, and divide the result by 
the current in the branch in (question. 

Example 4. — In Fig. 21, usduiiie the difference of potential betwet?n 
a and 6 to be 80 volt^, and the currents in the individual branches to 
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be 16, 8, and 4 amperes, respectively. What is the resistance of each 
branch ? 

Solution. — ^The resistance of the first branch is f J = 5 ohms; of the 
second, ^^ — 10 ohms; and of the third, ^{^ = 20 ohms. Ans. 

116. Effect of Tissue Resistance on Current- 
8treug:tli. — This subject of branch conductors or shunts is of 
much importance to the physician, because the underlying 
principle is one that determines the amount of current that the 
various tissues or components of the human body are able to 
transmit when subjected to a certain E. M. F. 

Suppose, for instance, that some tissue consisting of two 
layers A E and CD, Fig. 22, is to be treated by an electric 
current and that the latter enters at the electrode a, connected 
with battery B, and leaves at the other electrode 6. In this 
instance it may be the intention to mainly treat the layer OD 
to a current of about 25 milliamperes, and when this current- 
strength is indicated by the meter (?, the physician may be 




Fig. 22. 

under the impression that the layer CD, in reality, is trans- 
mitting a current of this strength. If the layers A A' and CD 
were both of the same conductivity, such might be the case, 
but when, for instance, CD has a much higher resistance than 
A Ey then CD would receive only a small fraction of the total 
current. 

Let the ammeter O indicate 25 milliamperes and the resist- 
ance of A E and CD be respectively 50 and 200 ohms. It is 
desirable to know how many milliamperes will flow through CD. 

From formulas given in Art. 113, we findcj = --Xc,. If c, 
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stands for the current through CD and r, for its resistance of 
200 ohms, while r, represents the resistance of A E^ and c, the 
current-strength through same, we have c, = W X c,. But 
Cj-|-r,= C=26 milliamperes, the total current; therefore, Cj 
= 25 — c,. 
Substituting for c^ its value 25 — c„ we get 

Transforming, 

5 c, = 25, or c, = 5 milliamperes. Ans. 
c, =^^ 25 — 5 == 20 milliamperes. Ans. 

We see from this that the layer CD, instead of receiving 
25 milliamperes, receives only 5. If it is desirable to provide 
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this layer with a current of 25 milliamperes, it will be neces- 
. sary to increase the total current-strength to 125, when yl^will 
receive 100 and CD 25 milliamperes. 

117. Shunts. — This matter of branch conductors or shunts 
is of importance to the physician for still more reasons, and it 
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will pay to study a few of the peculiarities of such conductors 
before proceeding any farther. To simplify the subject, we 
will first study the flow of water through a tube provided with 
a branch tube, as shown in Fig. 23 (a). Here ^ 2? is a por- 
tion of a long tube through which water is flowing in the 
direction of the arrow. The difference in pressure between the 
points -4 2? is 16 pounds. If we imagine the tube divided in 
4 equal parts A a^ ab, etc., each of these divisions will suffer 
a loss in pressure of 4 pounds. That is, between a and b or 
b and c there will be a difference in pressure of 4 pounds, and 
between a and c, 8 pounds. If, now, a branch tube d e is con- 
nected to the main tube A i?, it will be subject to a pressure of 
8 pounds, and if the valve v is open, water will flow through it 
at a rate depending on its internal resistance. Such a branch is 
called a shunt because it shunts part of the main current. 

It is evident that when water begins to flow through the 
shunt, conditions in the main tube are no longer the same. As 
part of the water now flows through d e, the resistance between 
a and c must have decreased because the combined resistance 
of a c and d e must be smaller than that of a c taken singly. 
Consequently, the difference in pressure between a and c will be 
no longer 8 pounds, l)ut something less. For the same reason, 
the difference in pressure between d and e will remain 8 pounds 
only when the valve v is closed. After its opening this pressure 
will be reduced. 

We may now iipj)ly these ])rinci])l(\s to the electric circuit 

shown in Fig. 23 (6). Here A C is a carbon rod through 

which a battery 7> of 4 cells sends a current. Assuming, then, 

that the battery has an E. M. F. of 8 volts and an internal 

resistance of 4 ohms, while the resistance of the rod ^ O is 

E 8 
4 ohms, the current C - ,, -- . -. 1 ampere. The rod A C 

h 4^4 

constitutes i of the total resistance, and for this reason ^ the 

total E. M. F. ,or 4 volts, is spent while sending the current through 

it. If the rod also is divided into \ })arts as th(^ tube in Fig. 22, 

there will be a difference in pressurt^ between the points 

A and a, a and />, et(\, each of 1 volt. Consecjucmtly, if points 

a and c are connected bv means of the shunt de, the latter will 
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be subjected to a pressure of 2 volts as long as the switch S 

is open. On closing this switch a current will start to flow at 

a rate depending on the resistance of de. Let this be 

2 ohms, the same as that of a c. Evidently, the joint resistance 

of a c and d e will now be one-half that of either taken singly, 

or 1 ohm, and the difference in pressure between a and c 

should now fall to 1 volt, if the strength of the main current 

remained the same. But this is not the case, as part of the 

circuit has decreased in resistance; consequently, the toted 

resistance must be smaller. The battery resistance is still 

4 ohms, but that of the rod is now 3 ohms and the total resist- 

E 8 
ance, therefore, 4 -f 3 = 7 ohms. C= y> = = = 1. 14 ampere. 

xi 7 

The loss of pressure or drop of potential in section a c is E=C 
X -R = 1.14 X 1 = 1.14 volts instead of the previous 2 volts. 

These principles illustrated by means of Fig. 23 (a) and (Jb) 
are those made use of when using shunt rheostats for regula- 
ting the current-strength through the human body. Rheostats 
of this class in conjunction with others will be more fully 
explained in Accessory Apjmratus. 



ARRANGEMENT OF CEI^LS. 



CEJLJLS AS SOURCES OF ELECl^RIC PUESSUllE. 

118. E. M. F. and Resistance. — As already explained, 
a voltaic cell or other apparatus from which an electric current 
is derived, must be considered as a source of electric pressure. 
To vary the strength of the current that the cell is able to 
furnish, will require either a variation in its pressure or its 
resistance. To vary the pressure of an individual cell is not 
possible, as the elements of which it consists determine once 
and for all this i)re8sure. The only resources left are either to 
decrease the resistance of the cell itself or the externrJ circuit, 
or to increase the pressure in the circuit by adding more cells, 
each of which will contribute its share to the total i>reoSure. 
By the expression **decreasing the resistance of the cell itself^* 
we do not mean that the resistance of the individual cell is 
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decreased, but that several cells are combined into one in a 
manner so as to constitute one large cell, and thereby decrease 
the total internal resistance, as will be shown further on. 

There is a simple hydraulic apparatus, a rotary pump, that 
has many qualities in common with a voltaic cell. To use this 
as a means for explaining the interaction between a voltaic cell 
or a combination of cells and an external circuit, will be of 
great assistance. The general features of this rotary pump are 
shown by means of Fig. 24 (a). It consists mainly of two 
gear-wheels A and B fastened on the shafts a and 6, respectively. 
They are both supported and inclosed by the case C, into which 
lead the tubes c and d. When the gear B is set in rotation it 
will also drive the other gear A by means of the interlocking 
teeth, and, when the case is filled with water, a suction will be 





Flo. 24. 

produced on the side next to the tube d. Water will be drawn 
in and carried around in the spaces between the teeth, in the 
direction of the arrows, and delivered on the side next to the 
tube c, through which the water is led away. As the case C 
fits the gears very closely all around, the water cannot escape, 
but must move with the gears. Fig. 24 {b) gives an external 
view of the pump, showing the ends of the shaft a and b. The 
latter has l)een provided with a pulley D around which a rope 
is wound that supports the weight W. It is seen that this 
weight will descend and set the pump in rotation and that water 
will flow through the tubes in the direction of the arrows. 
The main point to keep in mind here is that the weight of W is 
fixed and cannot be changed. It corresponds in this respect to 
the electromotive force of a voltaic cell. Like the E. M. F., the 
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weight IB ready at any time to set the pump in rotation and 
send 11 current through the pipes. How (Hiickly the gears will 
revolve dependa on thu resiHtfluce lliat is offered to the flow of 
the current. This will be shown tiettcr hy means of Fig. 25 (n), 
in which c unit d constitute the ends of the pipe P, and where V 
is a valve by means of which the current may be wholly stopped 
or reduced to any desirable strength. 

When the valve V is wide open the weight W will be able to 
set the water in motion and produce a current that will flow at 
a certain maximum rate. This rate will depend on the fric- 
tional resistance the current has to overcome either in passing 
through the case C or in flowing through the pipe. As the 
weight W is predetermined, Ihis rnte cannot be exceeded with 
one cell alone. Now, when the valve is piirtly closed the rate 
of flow will decrease, bccauec part of the pressure is lost in 
overcoming the resislnnce of the valve. Mure pressure is now 
required at c to set the water in motion; in tact, it will be found 
that the greater the resistance interposed by the valve the 
greaU'i will be the pressure at c and therefore also the difference 




r-^^^ 



in pressiU'L- lictweun c and >!, until when the valve is entirely 

shut off the current will come to a standstill and there will 

be a raaxiinum pressure at c. The motor will then also be at 

a standstill, but the weight W will be ready to start a current 

la soon as the valve is opened. 

A counterpart of this liydraullc circuit is found in the voltaic 

I cell C with conductor /', Fig. 25 (/)), In place of the valve V 

I ire have a small lever r that muy move over ii coil of resistance 

re and thereby include more or less resistance in the circuit. 
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By moving the lever into the position shown by means of doited 
lines, the circuit would be broken entirely. The current passes 
through the binding-post c into the conductor P through the 
resistance V and lever v to the other binding- post d back to the 
cell. As with the pump, the current will flow at its maximum 
rate when the resistance of the circuit is at a minimum, and 
this minimum resistance is made up of the internal resistance 
of the cell and that of the conductor P. The E. M. F. being 
fixed, this rate of flow cannot be exceeded. By moving the 
lever v so as to include more and more resistance in the circuit, 
more pressure will be required to force the current through the 
resistance V and the difference in pressure between binding- 
posts c and d will continually increase. Finally, when the 
lever has been moved so as to break the circuit, the current will 
stop and the binding- posts c and d will now possess the 
maximum difference of potential. 

It may not be clear why the pump or ihe cell should be able 
to deliver more pressure to the circuit when more resistance is 





Fig. 26. 



inserted in same, and the current conscMiuently is decreasing in 
strength. The reason for this is that wlien the current is thus 
decreasing in strength it will lose less of its pressure in over- 
coming the resistance of the j)unip or cell itself, and more 
will therefore be at disposal in sending the current through the 
external circuit. 

lit). E. M. F. jin<l Minimum Kxternal Resistance. 

After having considered an external circuit of maximum resist- 
ance we will go to the other extreme and consider one of no 
resistance, or one so small that it is dilHcult to measure it. A 
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hyclrftulic circuit of this class is shown iii Fig. 26 («). The 
water flowing through the short pipes c and (/ might have Iwen 
connected to another pipe ot very largo diameter that would 
constitute the external circuit, hut they are here simply inserted 
in a tank P filled with water, the results being the same. The 
water delivered hy c is deposited at one end of the tank and the 
water goes into d from the other end of the tank. When 
the tank is of large capacity the water would move very slowly 
toward the end where d is, because of the large crocs-sectional 
area of the tank, and the lose in friction would be insignificant. 
The pump is now practically short-el rculteO. This is an 
electrical term used to eignify that connection is estahlished 
between two conductors of opposite polarity hy means of a con- 
ductor of low resistance so that the whole current will pass 
through it instead ot going through the regular path. It may 
also mean that two terminals of any source of electric pressure 
are connected by a conductor ot so low resistance that a current 
of abnormal strength will flow through same. The pump will 
now work at its maximum capacity, beyond which it is not pos- 
sible to go. It is clear that whatever resistance there is that 
limits the flow must he looked for in the pump itself. The 
whole energy delivered by the weight W to the pump is wasted 
in the form of friction between the water and the pUmp, and 
ahows iteelf in he form of heat. 

The same conditions prevail in the cell C, Fig. 26 (h). Here, 
also, is a short circuit established hy connecting the two bind- 
ing-posts c and d by means of a very heavy copper strip P, the 
resistance of which is negligible. These are the conditions 
under which the cell will deliver the greatest current, hut it is 
all running to waste and simply results in heating the cell. 
Anyway, the cell would not he able to maintain this high rate 
of flow hut for a short length of time, as polarization would 
. quickly set in and reduce the current. 



120. Cells In Series. — We have so far studied the poe- 
I nbilities of one cell alone and have seen that with a given 
[ nuBtance in the external and internal circuits the flow is 
1 limited to a certain rate. If the conditions are such that the 



92 



DIRECT CURRENTS. 



§1 



current-strength has (o be increased without reducing the 
erternal resistance, then the E. M. F. of the circuit has to be 
increased by increasing the number of cells. This is illustrated 
by means of a hydraulic circuit in Fig. 27 (a). Here the two 
pumps {ire connected in series and the water, after passing 
through pump C„ is conducted through the tube e into pump 0„ 
from which it proceeds through c into the external circuit P. 
At V the tube is narrow^ed down to a small diameter, inter- 
posing a greater resistance to the current. Instead of the 
resistance V a pump like C, may be inserted that would act as 
a motor and raise a weight. 

It is clear that when the water flows from C, with a certain 
pressure into C„ it receives an additional pressure equal to that 
given by C,, so that it now is in possession of twice the pressure 
it had when leaving C,. For every additional pump added to 
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the series, the pressure would increase by an equal amount, 
assuming that all the weights are alike. It should here be kept in 
mind that no additional amoimt of water is added to the circuit; 
it is simply a question of an increase in pressure. We can imagine 
that if a motor were placed at V it should, if loss in friction be 
neglected, lift a weight corresi)onding to the sum of ]\\ and IF, 
at the same speed at which the latter are descending. 

When this hydraulic circuit is transformed into an electric 
one it will appear as indicated in Fig. 27 (/>). The cells are 
here in series, as previously explained, the carbon c of cell C^ 
being connected to the zinc d of cell (\. The current leaves the 
cell C\ with a certain pressure and ilows into cell T^, where it 
receives the additional j)ressure the latter is able to supply. 
When the cells are in series, not only are the pressures of the 
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cells united, but tdcir resUtimces also. Since the curreot hna 
to go through both resialiincea one after the other, the resiBlance 
is doubled. The resistance uf the coil I', in addition to that of 
the cells, determines the current-strength. If this resistance of V 
is increased and it is desired to maintaJii the same current- 
strength, then the numl>er of cells in series must be increased. 
As with the hydraulic circuit, no additional current of electricity 
is added to the circuit, each cell simply adds its pressure 
to that of the preceding one in the same manner as when a 
number of men pull a rope, each man contributing his share to 
the total pull. 

121. Cells In Parallel. — Whfu the external resistance of 
a circuit is low In comparison with that of the cells in series, as 
shown in Fig. 27 (6), then an addition of more cells in scries 
will have little effect toward increasing the current-strength. 
We have, then, conditions somewhat similar to that shown by 
means of Fig. 26 (a) and (/>). Each pump and cell sent a cur- 
rent through itself at such high rate that its whole energy was 
wasted in the interior of the pump or cell, and nothing was left 
that would be useful for the external circuit. 

For instance, if the resistance in Fig. 27 («) were made bo 
low ae to be practically a short circuit, then the pump C, would 
receive no assistance from pump C, and the result would be 
that no matter how many pumps would be added, the current- 
strength would remain that of one single pump. The same, of 
course, holds true with the electric circuit in Fig. 27 (6). 

It is therefore clear that if we wish a heavy current in a 
circuit of low resistance we have to resort to other means. 
The proper arrangement for meeting these conditions is shown 
in Fig. 28 (a). In this instance, the two pumps C, and C, are 
arranged in jiaraUfl, each contributing an independent current 
to the main circuit through the bnmches r, and c„ and again 
receiving their corresponding share through branches (^^ and </, 
from the main tul>e P. Arranged in this manner each indi- 
vidual pump does not add any more pressure to the circuit 
beyond that setting its own current in motion. We have, 
therefore, a number of separate streams, each of the same 
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pressure uniting into one general stream. Therefore, adding 
any number of pumps will not increase the pressure, but simply 
the strengtii of the current. An electric circuit similarly 
arranged is shown in Fig. 28 (6). The two carbon or positive 
binding-posts c, c are connected by means of the branches Cj and c, 
to the main conductor P. This means, in reality, that the 
two carbon elements are combined into one of double the 

• 

surface area, and that each additional cell would increase 
the size of this carbon element. In the same manner, the 




zinc bindhig- posts are united by means of the Ijranclies d^ (/, to 
the conductor P with tlie n^sult that all the zinc elements are 
combined into one. A large number of cells connected in 
parallel would therefore constitute one large cell, the E. M. F. 
of which would correspond to that of one cell, but with an 
internal resistance that would be reduced in proportion to the 
number of cells added on account of the increased surface area 
of the elements over which the electrolyte may act. 
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1 22. Cells in Parallel Series. — By adding more pumps 
or cells in the two branches, the pressure of each branch, and, 
therefore, of the whole circuit, will be correspondingly increased, 
and we would have a combination of cells in parallel aeries. 

123. Summary. — Reiterating the conclusions arrived at, 
we may say, that in a circuit of low resistance an increase in 
current-strength may be attained by increasing the number of 
cells in parallel. In a circuit of high resistance the current- 
strength may be increased by increasing the number of cells in 
series. If the circuit is of medium resistance, relative to that 
of the cells, combinations may be made in parallel series. How 
the latter arrangements are made to best advantage will depend 
on the prevailing conditions. 

124. Calculations. — In order to facilitate any calcula- 
tions that the student may desire to make, either in finding 
the available current-strength from a battery of voltaic cells 
or one made up of storage-batteries, a few examples will here 
be given to show the application of the laws explained in the 
preceding pages. 

Cells in Series. — It has been explained that when cells are 
placed in series, both the E. M. F.'s and the resistances of the 
single cells are added together. If we call the E. M. F. of 
the cell Ey its internal resistance r, and the number of cells in 
series n, we have the total E. M. F. of the battery aa n X E; 
and total resistance of the battery as n X r. The current- 
strength that it would be able to furnish on short circuit, 
that is, without any external resistance in circuit, would be 

0= — ■ ■- ==--. This proves what was already mentioned, 

that when cells are placed in series on short circuit, or with a 

small external resistance, the current-strength of the whole 

series is not greater than that of a single cell. For instance, 

E 11 
let ^ be 1.1 volts and r ^^ .6 ohm; then, C—- — = -77 -- 18 

r .() 

71 E 

amperes. For 10 cells in series, or n - 10 we have C= - 'n= 

-77, -.» =1.8 amperes, the same as l)ef()re. 
lU X .0 
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Cells in Parallel, — We have previously shown that when cells 
are arranged in parallel their total internal resistance is decreased 
in proportion to the number of cells added, following the law 
of joint resistances already given. The joint resistance of two 

cells in parallel would therefore be one-half that of a single cell, 

f 
or for n cells the total resistance would l>e -, when r again rep- 
resents the resistance of each cell. The total E. M. F. of the 
combination was seen to be that of one single cell. 

For instance, if the two cells used in the preceding example 
be connected in parallel, their joint resistance would be 

r 6 Ell 

= - = — = ,3. Therefore, the current-strength C= — = — 5- = 

n 
3.7 amperes, which is twice the current-strength delivered when 
the cells were in series. 

Cells Connected With an External Resistance. — In both of the 
last examples the cells were supposed to be short-circuited. 
These are conditions that are rarely met with in practice. As 
a rule, the cells are part of a circuit in which their resistance 
constitutes only a fraction of the total resistance, as shown in 
Fig. 18. It is such circuits as that we now wish to consider 
with the purpose of finding the combination of cells that will 
best fill the various recjuirements. The conditions are usually 
such that the external resistance is fixed, and the question is to 
find the least number of cells that will give the desired current- 
strength. To show more clearly how the external resistance 
aflfects the available E. M. F. and the current-strength, a series 
of diagrams have here been devised that will assist the student 
very materially in grasping the subject. 



GRAPHK^AI^ REPUKSENTATIONS OF ELECTRIC CIRCUITS. 

125* Electromotive Force. — It was already shown in 
Fig. 18 that, after the electric current leaves the battery and 
enters the external circuit, its E. M. F. is constantly decreasing^ 
in some parts of the circuit more rapidly than in others, and 
these variations were shown by various gradients. Let the 
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heavy line ab in Fig, 29 («) represent a conductor of a certain 
resistance and c„ c, . . . c, a number of dry cells connected in 




series and connected to ab hy means of the short conductors 
p, n. A current will then pass through this circuit in the direction 
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of the arrows. The available E. M. F. of the battery will be 
at a maximum at a and decrease toward b. These conditions 
may be represented by means of Fig. 29 (6), in which the 
vertical line a c indicates the full pressure as delivered by the 
battery to the conductor a b. This conductor is supposed to be 
of uniform resistance and the E. M. F. is seen to fall gradually 
along the line cb. If the conductor be divided in four equal 
parts, and the lines g, h, l erected from the dividing points, each 
of these lines will represent the relative pressure at those points. 
For instance, if a c stands for 12 volts, g, hy and i would repre- 
sent, respectively, 9, 6, and 3 volts. 

126. Resistance. — ^The resistance of conductor a 6 is 
increasing from the point a toward 6, as represented by the line 
adj Fig. 29| (c). If the line a 6 be divided in the same manner 
as shown in Fig. 29 (6), and vertical lines erected, the latter 
will indicate the relative resistance at the various points. For 
instance, if a 6 be divided at m and the line / erected, the latter 
will be one-half the length of bd and indicate that the part am 
is one-half of the total resistance of a b. 

127. Current-Strength. — Finally, we can also represent 
the current-strength by drawing the linec/, Fig. 29 ((i), parallel 
to a 6 at a distance below it that would correspond to the 
number of amperes flowing. 

128. Combined Diagrams of K. M. F., Current- 
Strength, and Resistance. — Instead of having (a), (6), 
(c), and (d), Fig. 29, represent tlie relative E. M. F., resist- 
ance, and current-strength, it is possil)le to combine them. 
One is then able to see at a glance the relation between 
them. This has been done in Fig. 30. In the present 
instance, the resistance of the battery B has been left out 
of consideration, and only tliat of the conductor a h is con- 
sidered. Let the available E. M. F. of the battery be 4 volts 
and the resistance of the conductor 4 ohms. If we now select 
some arbitrary length for 1 volt, and measure four of these 
along the line a c, we reach the point c; the line a c, there- 
fore, is corresponding to an E. M. F. of 4 volts, and the line c b 
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will ahow the gradual fall ot the E. M. F. down to zero at b, 
III tho same niauiier, the resistance uf 4 ohms is laid off along 
the line b d, when the line a d represents the increase in reeiat- 
ance from leru at ii to 4 ohnia at b. Finally, if we let tlie 



It-- 



Hiiiit 



distance a e repreeent the current-strength of 1 ampere and 
through e draw a line parallel to » ^, the line ej will indicate the 




current-strength ttirough the uondiictor, 
uniform throughout its length. 

12y, Clrt'uit With Non-Uulform lies Is tan t-e.— We 
will now go a sU:]i further, aud in the next diagram, Kig, 31, 
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show the effect of a resistance that is not unifonn. The 
resistance -of the part ag of the conductor is 1 ohm, as shown 
by the line gi; the remainder of the conductor has a resistance 
^ of 3 ohms, tliat of the entire conductor being 4 ohms. The 
E. M, F. is, as betorCj 4 volta, which at point h has fallen to 
3 voltB, and between h and b it falls more rapidly to zero. The 
current of 1 ampere has again remained constant throughout 
the whole length of the conductor. 

130. Resistance of Batter j. — So far, the resistance of 
the battery has been left out of consideration, but as any 




changes that take place in the external circuit also influence 
the battery in one way or another, it will be necessary to also 
include tlie lattor iu the diagrams. 

In Fig. 32 is showu a battery nf 5 cells iu serios, each ceil 
being of 1 volt E. M. F. and .2 olnn internal resistance. The 
total E. M. F. is 5 X 1 — 5 vitlts, and the total internal resist- 
ance is 5 X .2 =: 1 ohm. The external resistance is 4 ohmi:^, 
which, together with the 1 ohm of the battery, makes the total 
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resiBtance 5 ohms. For simplicity, the end & has in Ihis 
instance heen connected through the ground with the other 
end a', aa is the custom in telegraphy, it Iwiiig assumed that this 
return circuit has a resistance so low that it can be left out of 
consideration. The current-strength is then ^ = 1 ampere. 
The loss of E. M. F. in the batt«ry will beCXr^lXl = l 
volt. These figures are represented in the diagram in the 
following ninnner: The line a h represents, as before, the ester- 
nal circuit, and n n' the internal circuit through the battery. 
The total E. M. F. is ac, and corresponds to 5 volts. We see 
that this E. M. F. is gradually rising from the point a', each 




cell adding its E. M. F. until the fifth cell brings the pressure 
up to e. At the same time, the resistance of the battery has 
also been increasing, beginning at a', the Hve cells, of .2 ohm 
resistance each, making a total of 1 ohm, as shown at at. To 
this is added, at point i, the rfsistance of the eictemal circuit, 
4 ohms, muking a total resistance of 5 ohms, as indicated by 
the line b tl. Returning to the E. M. F. of the battery, it is 
observed that 1 volt has been lost in overcoming the resistance 
of the battery; this loss is represented by the line ch, and the 
tiiuigitt a'ch shows tlie distribution of this loss. Hence, the 
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available E. M. F. is only 4 volte, as indicated by the line A a. 
As soon as the current leaves the battery at a, the pressure 
begins to fall, and continues to decrease until the point 6 is 
reached, where the current again enters the battery. The cur- 
rent-strength is indicated by the line o^ e ot 6/, and is con- 
stant throughout the circuit. The circuit is supposed to be 
completed through the earth. 

131. In order to still more condense the diagram shown in 
Fig. 32, it has been transformed to the form shown in Fig. 33. 
Here that part of the diagram which, in Fig. 32, was situated at 
the left of the line c a has, so to say, been folded over and laid on 
that part of the diagram which lies at the right of line c a. As 
the arrangement of cells will be treated by diagrams drawn in 
this form, a few additional explanations will not be out of place. 

The line a c represents the total E. M. F. of the battery, 5 volts; 
the linec/i, the loss of E. M. F. taking place in the battery 
itself. The triangle ahh, therefore, indicates the available 
E. M. F. The battery is connected to the external circuit a 5 at 
the terminals a and ^, and we have, as before, the fall of E. M. F. 
in the external circuit along the line h h. The rise of E. M. F. 
in the battery can also be observed hy proceeiling from b along 
the line h c. The more heavily shaded triangle bch, represents 
the E. M. F. lost in the batterv. The batterv resistance that 
causes this loss is shown by means of the more heavily shaded 
triangle a di, d i being 1 ohm; the triangle a h i represents the 
resistance of the external circuit. The current-strength is, as 
before, indicated by the distance of the line cfirom a 6, being 
[)roj)ortional to the length of the line a e or hj. 

132. Fundamental Formula. — We have so far found 
means for calculating the current-strength when all the cells 
were arranged in scries or in parallel, but have no convenient 
means for arriving at the current-strength when the cells 
are arranged in j)arallel scries. There is a fundamental 
formula that will solve any (juestion in this line and that will 
serve as well for cells in series as in parallel. In the following 
formulas, 
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C= total current-strength; 
r = internal resistance of one cell; 
/ := total battery resistance; 
R = external resistance; 
e = E, M. F. of one cell; 
£= total E. M. F. of the battery; 
8 = number of cells in series; 
p = number of cells in parallel; 
n = total number of cells. 

As already mentioned, the total E. M. F. of a battery depends 
on the number of cells in series; therefore, E=8X e. 

The total internal resistance depends on whether the cells are 
in series or parallel, or in a combination of both series and 
parallel. 

If all the cells are placed in series, the internal resistance 

r' = 8 X r; if placed in parallel, /===-. 

When the cells are partly in series and partly in parallel, 

, sXr 
r = . 

P 

From this we will find that the total current which the 
battery is capable of sending through the external resistance R 
is found, in paraMel aeries^ as follows: 

E 



C= 



r' + R' 



8 € 

Therefore, C= —— . (a) 

?_xj: + ^ 
p 

This formula can be used for any number of combinations of 
cells in panillel series, or for a single row of cells, either in stories 
or parallel. 

In using the formula for cells in series, it will appear in this 
form: 
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Therefore, C= ^f ^ . (6) 

For cells in parallely the following formula will be evolved: 

1 Xe 



C= 



P 



Therefore, C=—^—. (c) 

' + R 

P 

133. Effect of Combining: Cells. — Let us, by means of 
a few examples, see llie effect of combining the same number 
of cells (1) in scricnj (2) in parallel, and (3) in parallel series. 

Suppose it is desired to send a current through an external 
resistance of 5 ohms by means of 12 Daniell cells, each of which 
has an internal resistance of .6 ohm and an E. M. F. of 1.1 volts. 

Then, e= 1.1; 

r = .6; 
R= 5.0; 
n = 12.0; 
C is unknown. 

1. Placing all the cells in i^erlenj we use formula (6), 

Therefore, C^^^^>^.^:^-^^;^;^^ 

The resistance r' of the whole battery ^=- 12 X .6 ^:^ 7.2 ohms. 

VolU. 

E. M. F. lost in battery -- C X r' -- 1.082 X 7.2 -^ 7.79 
Volts lost in external circuit CX R^ 1.082 X 5 -^ 5.41 

The total E. M. F. -- the sum = 13.20 

The above arrangement is shown in Fig. 34. 

2. All the cells are placed in parallel. Using formula (c), 
we find 

C= -~— = -)-^- - ^]l. - .21782. 
r , -^ b , ^ 5.0o 

p \2 
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, E. M. F. lost in battery = CXr' ^ .217 X ,05 = 
B. M, F. lo8t iu external circuit = C X It = .217 X 5 ^ 1.09 
Total E. M. F. = tbe sum = LIO 




li ^ 



'i -L J I lX J I I I I L_L ^ 

5 TTTTTTTTTTTT JJ 



Flii. 3S. 

Fig. 35 s)iows the alxive arrangement. 
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3. Let the cells now be placed 4 in series and 3 in paralld. 
Then, s = 4, p = S, and formula (a) now gives 



C = 



se 



sXr 
P 



+ « 



o f-5 



Resistance of the whole battery / == 

Resistance of the external circuit R = 

Total resistance = 



8Xr 
P 



OhmM. 

= .8 

5.0 

5^ 




Fio. 36. 

Volts. 

E. M. F. lost in ])attery = .8 X .758G =^ .61 nearly 

E. M. F. lost in external circuit = 5 X .7586 ~- 8.79 

Totnl E. M. F. -^ the sum = 4.40 

The a])ove arrnngcnient is ilhistratecl by means of Fig. 36. 

With the external resistance of 5 ohms, we find that the 
greatest pressure is furnished to the external circuit hy the first 
combination, as shown in Fig. 34, and the smallest pressure by 
the arrangement in i)arallel, as shown in Fig. 35. The loss of 
E. M. F. in the battery was much smaller in Fig. 35 than in 
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Fig. 34, and yet a smaller pressure was delivered to the external 
circuit, because the total pressure was only that of 1 cell. We 
also note that the battery resistance in Fig. 36 is far below that 
of Fig. 34, and this explains why the internal loss was less in 
the former instance, as this loss is a product of the current- 
strength in amperes and the internal resistance. 

134. In looking at the formula (h). C= ; — =r» itwill 

«r -f it 

be noticed that R, if very small in comparison with r, may be 

omitted and the formula will then read C = -, which means 

r 

that, if the cells are placed in series, the voltage, am))erage, and 

resistance will be simply those of 1 cell if the external resistance 

is very small in comparison with the internal resistance. On 

the other hand, if the external resistance is very large compared 

with the internal, the-latter may be omitted, and the formula 

will then read, C= ^^; that is, the current-strength increases 

with the number of cells. 

135. Summary. — Taking formula (c), C = 



r 



- +R 

P 

under consideration, we find the conditions somewhat different. 
If R is so STTiall in comparison with / that it may be omitted, 

we have C = % ^^y ^^ other words, when all the cells are 

r 

P 
placed in parallel, and the external resistance is very small, the 

E. M. F. is the same as that of 1 cell, while the total resistance 

is reduced in proportion to the number of cells. If R is very 

large^ C =- ^l the E. M. F. would then be that of 1 cell, and 

the resistance would correspond to the external resistance. 
Recapitulating our deductions, we have: 



If R is very large^ 

compared with /, 



C— J-, when cells are in series. 



C ----- -^, when cells are in parallel. 
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If R is very svfvaU, 
compared with r', 



(7^ -, when cells are in series. 

r 



C= -, when cells are in parallel. 



P 



We see, therefore, that for a large external resistance the series 
arrangement is the more s^iitnhle^ while for a large ctirrentj through 
a small external resistance, the jyarallel arrangement will be more 
serviceable. 

The arrangement in series is therefore always used in percu- 
taneous applications and the arrangement in parallel in light 
and cautery work. 

136. 'Arrangement for Maximum Current. — The 

question often comes up **how shall the cells be arranged to 

give a maximum current? '^ In answer to this it will not be 

necessary to show how this question may be solved, but suffice 

it to say, that calculations show that a maximum current is sent 

through a given external resistance when this resistance is equal to 

that of the battery. 

If the external resistance is known, the internal resistance has 

to be so arranged as to be as nearly e(}ual to the former as pos- 

s r 
sible. The formula (a), , will help find the internal resistance 

of the battery. 

It must be remembered that this arrangement is not the most 
economical. When the external and internal resistances are 
alike, it stands to reason that the losses in them must also 
be alike, and that of the total energy at disposal in the battery, 
one-half is lost in heating the latter and only 50 per cent, of the 
total energy made use of in the external circuit. 

137. Kcononiioal Arranjyeinent of Cells. — As the 

pressure required to overcome the internal re^sistance of a cell or 
battery is useless as regards the external circuit, that arrange- 
ment would appear to be the most economical which makes 
the internal resistance a minimum in comparison with the 
external circuit. This would not always be the most practical 
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solution, as the question of time has alao to be considered. In 
general, a coiuproinise ie therefore made and a certain maximum 
loss of, say, 10 to 15 per cent, allowed in intenial circuit. 

138. Arrangement for Quick Acttou. — When an elec- 
tric current is rapidly stopped and started there uomeB anoliier 
factor in play besides that of reBJatunce. This factor is called 
flelf-induction, and is fully described in Maffnetiem and Eleetro- 
vuigndigm.. It may be compared with a momentary resistance; 
one of short duration that quickly conies and quickly dis- 
appears. Circuits that contain telegraph keys, bells, etc. are 
subject to this class of resistance and cannot be considered from 
the Siiroe point of view as a circuit in which a steady current in 
flowing. This subject cannot well be treated more fully here; 
it must Buf!icc to say that, circuits of this class, as a rule, 
demand cells arranged in geriea to give the desired quickness of 
action to the apparatus inserted in the circuit. 



CIiASSIFICATION OF ELECTROMOTIVE FORCES. 

139, Variations In E, M, F. — Electromotive forces, as 

[ produced by various apphances, are alike in their tendency to 

start an electric current, but thfy are often very dissimilnr 

in other respects. Some devices, as, for instance, a primary 

I battery or a direct-current dynunio, produce electromotive forces 

I that are practically constant in strength; again, in others, such 

as static mat:hines, the E. M. F. is more or less variable, while 

finally, in alternators and induction-coils, we find the E. M. V. 

not only varying in utrength, but also in direction, periodically 

changing from a jmsitive to a negative E. M. F., or vice versa. 

These variations may be very clearly shown graphically hy 

[.means of a curve on cross-section paper, the method usually 

[ adopted being to let the ordinalcn, or vertical distances, repre- 

l.wnt the E. M. F., and the ahgcman, or horizontal distances, 

1 repreeeut intervals of time. 
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GRAPHICAL, ItEPUBSBNTATION OF PRESSUKB. 

140. Direct and Continuous E. M. F. — To make the 
sulijuct clearer, we will again use as aii analogy the flow of 
water from a tank through 
a tube at a conetant pres- -B cp— 



q= 



Zime — Second* 
Kio. 87. 



sure. Let the pressure be * 

4.5poundspersquareinch, *> 

and the water in the tank t 

be kept at a constant level. | 

The conditions may then £ Jin 

be represented by means of 

the diagram in Fig. 37. 

Here the vertical line .^ C at the left measures off the pressure 

in iM>un(]8, and the horizontal line A B indicates the time in 
seconds. The line D E\a then 
laid off at a distance from A B 
corresponding to 4.5 pounds. 
The fact that the line D E ia 
entirely ]>arallel to AB proves 
that throughout the time of 8 
seconds the pressure remained 
conHtaiiL 

An E. M. F. acting in this 
manner would iiecalledarfirert, 
or caiitiiuiom, E. M. F. and an 
electric current caused to flow 
hy an E. M. F. of this class 
would he called a direct cur- 
rent, because it is caused to 
flow by an E. M. F. that tends 
tu act in one direction only, as 
distinguished from an iilter- 
--=i.-^^_- .... nating E. M. F. that periodi- 

Tii..sf. cally changes direction. A 

direct E. >I. F. need not necessarily be constant, in fact, it may 

vary between very wide limits. 

A distinction is made between a direct E. M. F. or current 
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I that has an absolutely constant value during succeeding inter- 
\ vals of time and one tliat varies in Btrength. Tlie first is called 
I a rontinunita E. M. F. or current, while the latter may be either 
I Bn intenniltent or a pulsating E. M. F. or current 

141. Intermittent E. M. F. or Current. — An intemiit- 
i tent K. M. F. or current may be compared with the stream ot 
water that would flow from 
the pump shown in Fig. SS. 
It is supposed that the pis- 
ton C, during a time of 4 
seconds, forces the water out 
through the valve V'„ into 
the pipe /*, and that at the 
end of the latter the water 
ifi delivered at a pressure of 
I 8 pounds per siguare inch. While the piston returns to its 
original position, which also takes place during the time of 
4 seconds, water is flowing into the cylinder from the pipe P 
through the valve V. The action of the pump, so tar as the 
pipe P is concerned, is intermittent, and if it is required to 
show the action by means of a diagram, then Fig. 39 will 
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it the conditions that exist during the time of 8 seconds. 
line DE shows that the pressure in the pipe P" during the 
of 4 seconds remained at a constant pressure of 8 pounds; 
this point the pre»isure fell to zero and remained there dur- 
the next 4 seconds, while the piston was returning to its 
position. 
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Examples of intermittent electric currents are found in those 
that flow from galvanic batteries through telegraph keys, 
electric bells, etc. 

1 42. Pulsatingr E. M. F. or Current. — A pulsating 
E. M. F. or current is one that periodically receives a momen- 
tary increase in pressure without being interrupted and without 
changing direction. Figs. 40 and 41 give two examples of a 
pulsating current in the first of which the fluctuations are very 
small and in the latter amounting to a difference of 600 volts. 

A fairly good imitation of a pulsating current may be made 
by means of a rubbor-bulb syringe. If the latter, while con- 
tinually subjected to the pressure of one hand, periodically 
receives an increase in pressure, a stream of water would flow 
through the orifice that would show a momentary increase in 
current-strength. The elastic walls of the bulb would assist in 
giving the fluctuations the wavy character shown in tlie two 
figures. 

A dynamo with few coils in its armature would produce an 
E. M. F. of a somewhat similar nature; so would a voltaic 
battery, if its current were passed through an ordinary carbon 
rheostat, the resistance of which would change by rapidly 
varying the pressure on the regulating lever. 
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143. Alternating E. M. F.— An dltrrnativf/ E. M. F. is 
one that alternately changes in direction. In the form most 
frenuentlv found it mnv be said to be an E. M. F. that con- 
stantly changes in magnitude and periodically in direction. 

The following experiment may helj) in explaining the nature 
of an alternating E. M. F. or current. T.et A and B, Fig. 42, 
be two rubber bulbs communicating with each other through 
the rubber tube d. The l>ull) //is supposed to be empty while yl 
is filled with water. If, now, A is compressed, a stream of 
water will flow throngh a to the other \n\\h B in the direction 
of the arrow. We will call this a po.v'tire direction. When B 
is compressed, the current will change in direction and flow 




iul<t ]>erin(li cully change thi 
negative. 

Fig, 43 shows a. form of alternating K. 
denly changes In direction, such as would ho the effect it the 
E. M. F. that a voltaic bat- 
tery ipipressed on a conduc- 
tor were suddenly reversed 
hy means of a commutator. 
The alternating E. M. F. 
most frequently found 
changes its direction more 
gradually, as seen from the 
curve in Fig. 44. Here the 
E. M. F. begins from zero 
at A, rises gmdually, while 
j%ntt - inmona* acting in a positive direc- 

''"'■"■ Uon, until il reaches B. 

where il has a maximum value of 500 volts; from this jioint 
the pressure hegins to fall, still remaining positive, until at C it 
agnin reaches the zero-mark. In passing below this point the 
direction of the E. M. F. changes from positive to negative, and 
the maximun pressure is atlitined at P, whence it again begins 
to fall until point E is reached, when the E. M. F. once mote is 
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DIRECT CURRENTS. 



of zero valu(!. Proceeding from E toward F, the E. H. F. ia 
poeitive again, and from there follows a repetition of the curve 
as begun at A. 

144. It the curves representing the E. M. F. on either ride 
of the zero-tine are exactly of the same shape, but acUng in 
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oppofiite directions, the alternating E. M. F. ie said to be* 
ricnl. Figp. 44 and 45 reprcRcnt curves of symmetrical, and 
Fig. 4G a curve of diasymmelricnl form, such as may be produced 
in the secondary coil of an induction-coil. 

145. SIno Curves.— The curve shown in Fig. 44 ia also 
called a slno cui-vo, or simisold, and the E. M. F. which it 
rcprosents is said (o be sinusoidal. 



ay be explained by means of 
R suppose that a point a of (a) 



-. nature of a sine curv 
Fig. 47 («),{&), and (0- l-et 
revolves around the point o 
with a constant velocity, so 
that the distances a h, b c, etc. 
are each covered during the 
time of 1 second. II the point 
rt ha<l been traveling in a direc- 
tion at right angles to the line 
n n„ for instance, along the line 
n h, the distntiee tnivele<l along ''"'■ "■ 

this lino would at any time lie directly proportional to the time 
during which the point n, hail been in motion. That is to say, 
during a time of fi seconds, n would lie at a distance 6 X «& 
away from the line a n,. But when the point n jwirforms a 
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circular motion, as in (a), the conditions are entirely different 
The distance between a and the line a a, itt then no longer 
directly proportional to the time, but to the sine of the angle 
, through which it has moved relatively to the line a «, For 
instance, when the point a has moved into the position d, and, 
therefore, through the angle-n o d, its distance from a a^ is pro- 
portional, to the sine of this angle, or the line d >/,. Similarly, 
when a has moved to the point /, its distance from a a, is pro- 
portional to the sine //„ and so forth. If, now, the line aa^a^ 




in Fig. 47 (6) is divided into a number of equal parts corre- 
sponding to the numbor of divisions of the circle in Fig. 47 (a), 
and vertical lines are erect«il from these points, the eincs n{ the 
various angles may be laid off on these lines. Thus, dd, corre- 
sponds to the sine of angle no tj, and //, to the sine of (III/, etc. 
As soon an the point a passes the position a„ the values of the 
sines will be negative, and are laid off below the line n(i,o„ in 
the manner already described. 

When the various points a, h, c, d, etc., thus dftorminwl, are 
connected by means of a curved line, this line will constitute a 
sine curve. A sine curve is not necessarily limiled to the form 
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given in Fig. 47 (6), as it is evident that the relation between 
the length of the divisions on the hne a a, a, and the sines 
will materially change the appearance of the curve. Thus, 
by bringing the said divisions more closely together, the 
curve will assume a more peaked form, while, on the other 
hand, if the divisions are put farther apart, the waves will 
appear more shallow. 

A sine curve may be automatically drawn by means of a 
vibrating spring. If a long, flat spring «, in Fig. 47 (c), is 
fastened at one end and the other provided with a pencil, the 
latter will, while the 8})ring vibrates, draw an approximate sine 
curve on a sheet of paper p moved under the pencil in a direc- 
tion parallel with the center line of the spring. 

146. Cyclic Alternating^ Currents. — If the curve 
which represents the E. M. F. of an alternating current is 
symmetrical on both sides of the zero-line, as the curve in 
Fig. 44; and if, further, the continuation of tbe curve is simply 
a repetition of the first part ABCDEy then the E. M. F. 
(or its resulting current) is called a cyclic, periodic, or bar- 
inonic alternating E. M. F. or current. 

147. Alternations, Cycles, and Periods. — In speaking 

of a cyclic alternating current, each complete reversal of the 
E. M. F., or current, is called an alternation; in Fig. 44, for 
instiince, three alternatit)ns are rej)resente(l, as ABC, CDE^ 
EFG) each alternation lasts, therefore, .02 of a second, and 
there are 50 alternations per second. Two successive alter- 
nations, that is, one j)ositivo and one negative wave, con- 
stitute a cycle. A B C and 01) E together constitute one cycle, 
and the time re(|uirc(l for it,s completion is called a i>erlod; 
in the present instance it is .04 second, and the E. M. F. 
rej)r(isented by this curve would be said to have a period 
of .04 second. 

148. Fre<iueucy. — The number of c()mj>lete cycles which 
occur in 1 second is called the frequency, and this is indicated 
by the sign <"v->. In the example cited above, the number of 

cycles which occur in 1 second is >,/ = 25, so this E. M. F. 
•^ .04 ' 
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would he said to have a frfrnKMicy of 25 r>o, or 25 cycles per 
second. Frequency is the n^ciprocal of jx'riod. 

149. Alternating Current. — The current-strength pro- 
duced hy this varying E. M. F. will i:ot necessarily he pro- 
portional to the height of the E. M. F. ; it will also depend 
on the rate at which the E. M. F. increases or decreases in value 
or changes from positive to negative. If the E. M. F. is con- 
tinuous, or if the changes are so slow as to more or less avoid 
the introduction of self-induction, the value of the current- 
strength will keep step 
with that of the E. M. F. 
But when the rate at 
which these changes take 
place exceeds a certain 
frequency, the current 
will no longer be able 
to keep step with the 
E. M. F., but will lag 
behind and will reach 
various points in its own 
cycle a certain length of time after the impressed E. M. F. has 
reached similar points in its cycle. Fig. 48 shows the effect 
very clearly. Here A is the curve of the E. M. F., which 
would also he the curve of the resultant current, if the circuit 
were devoid of self-induction. The curve B shows the real 
strength of the current and the position of its maximum values 
as related to those of the E. M. F. We see here that the crests 
of the waves in curve Ji not only lag l>ehind those of A, hut also 
fail to reach the same height as those of the latter curve. 
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NATURE OF MAGNETISM. 

1. Introtluctory.— In studying Direct CuireiiU), conaider- 
ation waa had merely uf the flow nl an electric current through 
a conductor and the varintiona it under^uea by changes in the 
material, dimensions, and temperature of the latter. In atudy- 
ing Mngnd'utm and Eleclromngvetistn, properties that show tliem- 
flelvea external to the electric conductor, in the surrounding 
medium, are conaidered. On these phenomena are baaed the 
action of the induction-coil, the ainuaoidal alternator, trana- 
formers, and alao dynamoa and motora, It is very important 
that the phyaician should carefully study the theory of theee 
apparatus and thua gain a good understanding of their action, 
the more so as there is quite a difference in the character and 
effects of the currents delivered by these various appliances. 
The phyaician ahould therefore be able to determine in what 
cases one would be more beneficial than another, and this he 
will be unable to do unlesa he is entirely conversant with the 
special characteristics of each variety of current, 

2. Magnetism and Electroniaiuriietlsin,— UnderiiKismtrf- 

iam we untlerstand the properly certain metals possess or are 
capable of jiosst^siug by means of which they are able to attract 
or repel other Iwdies with similar properties. We class these 
phenomena under elcclruinaffiielism when similar effects are pro- 
duced by means of a conductor carrying an electric current. 

About the real nature of these magnetic properties, science 
haa been unable to tell us much more than it has about the 
nature of electricity. It is generally supposed that magnetism 
18 electricity in rotation. Why certain metaU, in iireference to 
others, are able to show magnetic properti<.'ri has not been 



MAGNETISM AND ELECTROMAGNETISM. 



§2 




■n «- 



Fio. 1. 




ascertained. Science has, so far, only been able to formulate 
the laws under which these forces act and react. Iron, steel, 
nickel, and cobalt are those generally considered as magrnetie 
substances. 

3. Reaction Between Maiirnets. — In bringing two ordi- 
nary magnetic needles in proximity to each other we find 
they perform certain peculiar, but well-known motions. 
For instance?, on attempting to bring their siinilarly marked 
poles opposite to each other, they will refuse such proximity, 

and a repulsion will 
•• tiike i>lace, resulting in 
a partial revolution of 
either needle into new 
positions, in which the axis of both needles lie in one line, 
but with differently marked poles adjoining, as shown in Fig. 1. 
We come then to the conclusion that the dm'dnrly iimrked poha 
of vuignetlc neediest repel eudi othei'f and differently marked "poles 
attract each ^other. 

. In this country the marked end of a needle or bar magnet is 
called a north polo, the other end a south pole, and for 
the present these terms will bc^ used without explaining their 
meaning. 

4. Kxi>erliiients With Ma^iu^th* Xoodle. — The knowl- 
edge thus tUMjuired we will um; for sonic further investigation of 




the imiiKMlijite surrounding's of a bar nia^nei, sucli as is shown 
in Fig. 2. On briiiLnog a nia^nctic necille near its sides or ends, 
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' we notice tliut the puBitinn nf the neodle will vary considcruhly 
whilu it is tnoving along the eiiles of the har. 

In position « wc find the south pole of tlie neetlle i>oiiitiiig 
towards the north jKile of the bar, but making an angle of about 
75° with the axis of the latter. Moving lo position b, the 
needle places itself entirely panillel with the bar, and, on 
arriving opposite the end of the latter, at r, it has placed itselt 
ictly in line with tlie longitudinal axis of the bar. In thv 
latter position opposite poles are facing each other. Continuing 
tliis method of investigation, we arrive at the other side of the 
niuguvt and find there similar conditions ; at d we havu iti:^ 
north pole jiointing towanls the south pole of the bar, making 

, an angle corresponding to that at a, and, continuing the circuit, 
arrive at last at e, where the needle again places itself in line 
with the axis of the bar, hut in this instance with its south 
pole opposite the north piile of the magnet. If the bar is 
nd, we might, after placing tlie latter in a vertical position, 

' move the needle in circular horizontjd paths around it, and 
would find some invisilile force constantly tending to di-llect 
the needle into ]>ositions in which it always Is pointing towards 

* tlie axis of the bar. 



5. We will now go a step 
I one end of the bar to the other 
I Iteginning at / and frl 
► lowing the direction ii 
' which the north ]> le n \i 
f pointing, we arrne at 

r point g, where tlii, needle . 

[ aguin is parallel with the ^ 
I bar, and, continuing we y^ 
I find the termination of < / 1 
f the path at h. ; I 

By placing the bnr ' ' 
^Riagiiot on a sheet of 
f paper and indicating, by nn 
ft-wliicb the nee<lle has traveleil. 
rwhat einjilar lo the dolUjd liiu 



further and follow a path from 
us indicated by the needle itself. 



M ■::-■. 



Via. 3. 

ans of a pencil, the path over 
we will have drawn a line some- 
A (" in Fig. 2. 
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In starting from other points, along tlio sides and ends of the 
bar magnet, numerouB piitha may be marked out, so that afl«r 
awhile we woiUd have a picture somewhat similar to Fig. 3. 

A simple way to show the direction of these lines is to dust 
fine iron filings on a sheet uf paper and place this over the 
magnet, with a plate of glass Intervening, when, by gently ta|>- 
piug the glass, the iron filings will arrnuge themselves in liues '' 
corresponding to those of Fig. 4. 

6. Liues of Magnetic Force — Faraday made very j 
extensive investigations of magnetism b} means of such iroD 1 
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filings, and the lines which they traced were by him called Itne^J 
orniBsnetIc force. These lines show the direction in whii^<J 
the magnetic force is acting, and also indicate the strength a 
the force, as they are more numerous and closer together wborftfl 
the intensity of the magnetism is at its maximum. The whotefl 
collection of lines of force around the magnet is called the moff-1 
netic field. The linea of force in a magnetic field, when not 1 
disturbed, have only two qualities, those of attraction and 1 
repulsion. In order to make these lines produce an E. M. F., 
they must be intersected by some conducting material, and to 
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obtain an electric current the confluctinp material muHt form a 
circuit. 

7. Magnetic Field. — Of course these lines have no actual 
existence. It Is well to remember this, na diagrams similar to 
Fig. 3 are often understood to nic.in that the magnetism acts 
along these lines only, and nowhere else ; that is to say, that 
l>etween these lines the magnetic field is ncutra). Evidently 
tills is a misconception ; there arc no variations in the field as 

* and den as this, but, on the contrary, a gradual decrease towards 
^^Ktbe exterior parts of the field. 

8. When a magnetic field exists between two magnetic 
bodies, we have to imagine a certain stress in said field, a 
tendency to draw the bodies together along the lines of force. 

tWe have further to suppose that this attraction ia not carried 
HD by means of the surrounding air, but by the aid of the all- 
jiervading ether, which also surrounds each individual molecule 
trf the two bodies. 
9. Maernetic Flux. — Though we do not know for certain 
that the electric current actually Hows through a conductor, we 
use this convention as a convenience and determine its direc- 
tion of Jlow by investigating its influence on a magnetic needle, 
as will be shown tui-ther on. 

In the same manner we speak of the magnetic lines of force 

as flowing from pole to pole, thus indicating the direction of 

the mngnetlc cnrroot, or flux, and also here determine the 

i^uection by means of a freely suspended magnetic needle. 

llM, in Fig. 2, the neeflle while moving from position /to A, 

^ was traveling with the lines of force. 

When a freeIy-BiiBi>ended magnetic needle ia standing or 
moving in a magnelio field its north ])ole will always indicate 
the direction in which the lines of force at that place are flow- 
ing ; in fact, we may imagine these lines to enter llie needle at 
itg aouUi }>olc and leave it at its north pole. Ajiplying this rule to 
^^Fig. 1, the lines of tort^ would come from the extreme left, 
^^^Wifff the first needle at its south pole, leave it again at its 
^^^ficth pole, to enter the south pole of the other magnet, and so 
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forth. This rule fonns the fouinlHtiim f^r all the following 
experiments, and must he kept clearly in mind. 

10. Interactions Itctwi'on Uiiom of Force. — We have 
seen that when unlike poles of two luiignets ii re' opposite e»ch 
other, an attraction takes place Now the condition of the 
magnetic h*,ld hetneen these pole« if wimtwhat similar to that 
which would pie\ail if the lints of forct were replaced by a 
series of rubl>er strings under tension which to make the simi- 
lanty complete fehoulti alao ha\e a tendency of mutually 
repelling eath other m a Utcral direction 



L'm<:^ I'f Tnitfinelif. ftirre running} in t/ir ^ninr iVin-rfUm hfire this 
tei"lr;ri/ <•/ rrfellh,., ,"<■!, oil.. .; wiih. h.li.n „ //»r, ,;.„.,i..; i„ oppo- 
«il.: ,lirrrli..m .... .ill,-.uf.;» !.,!...< ,.l.,rr. W,- ^],:,\] f^.T finlher on 
timttlii'sciiiti-raflions idso lake plucc Lrlwcit twn coniluctorB 
throiif-h whioh rUflricTniTents ari> llu^ull^^ 

FiKs. r, inid C, i|]iistr;ili> lln- inl.rnrlinn- l.riwrin lines nf force 
in two miigiiels. If, iis in Fi^. .">, l)i.' :i.|jnjiiiii!: p.ilrs -.w.- of 
opiwsitejiolaril.wllir linc« i.r fmv ne^n- .■:i<li .>f lie- i"i|<>w will, 
before the latter an- bn.tiijlil r\ns>- l.ii;.Hi.r, )■•■ IraviOliifr in 
opposite ilin-ctioiiw ; l.ui if Ihr lur- :u;- ^u <-li>s.> lh;it an 
intcmetion lakrs pluic, llie lines ,.{ l.r.c. will ;,iii;i.i oaeh uther 



MAGNETISM AND ElJ'XTRnMAGNKTISM. 7 

ind uniti-. The cimtracting tendency of llie lines will tlien 
i'begin and tlie two jioles will attract eadi other, 

1g. 6 the tiHidilions are ruveraeJ, as here two similar 

(olea are facing eiich other, from both of whicli lines of force 

e emanating in tlii. --inie direction A repulBJon wdl there- 

&OII- take phtG Tnil th( hn.s if f irct- will tum away it right 

aifeli I i1j \ 1 il H II i,nets This repulsoii nt the 






m 



^ne» of force will intiTact on the nioleeiiles of the bars and will 
C&UBo a rcpii!nioTi of the latter. 

, 11. HuKiiotlu Circuit. — We have now seen how in a 

fnet Uiere is a certain flow of magnetisni issuing from itr 

mrCh polf, whence it prociieds in curvMi {latlis through thi 

rounding space along the sides of the bar to its south poK , 

it again biitvrs and then traverses the whole length of the 

As there is neither end nor Iieginning lo this flow, il 

]0titutea a closed patli or circuit, and is therefore called! a 

ruetic circuit. 

I It has also been shown how a freely-suspended magnet, 
1 ill a locality where Uh«b of force are passing, will })lace 
[ ao that il« longitudinal axis coincides with the lines of 
e and so thai it jKiinU with its north pole in tlie dtrratioB 
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in which the lints of fuix-e are traveling. Finally we foui 
tliat unlike i>ole» attract and like poles repel i^cL other. 

1 2, Terreatrliil Magnetism.— Tli ere yet remains om 
subjiict with whicli we have to deal before we proceed asn 
further and that is the magnetism nf the earth It is a familu 
fact that the earth itself constitutes -in immense magnet, with ^ 
north and south pole, and linea f f irce traveling through i 
interior as well as along itb surface and through space The 1 
presence of these hncs of force has been of great beuebt to ] 




travel both on land and sea, in making the use of a compaMll 
]M>s8ihle. 

In Fig. 7 we find a representation of the form which the llnci( 
of force will assume in traveling from jjole to pole, and also H 
directions in which they will move. When applying the ialot 
mation so far derivetl concerning the i>osition a freely-suspended 
magnetic needle will occupy while Bituated in a magnetic fiel^^ 
we come to a conclusion which is not a matter of general 
knowledge. The magnetic needle of the mariners' compass o 
any other compass will, as we all know, jwint towards the ter- 1 
restrial north pole, or very nearly so, depending on the longi- I 
tude of the place where it is situated. The lines of force will ] 
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I therefore enter the needle hnm the south, pass through it and 
i proceed towards the nortli. But it lias prGvioutily bcon Boid 
I that the lines of force leave the north [K)le of the magnet ; evi- 
dently, then, the lines of ffirce coming from the south pole 
I towards the needle must come from a north jjole, and we there- 
lore come to the conclusion that the lerreMrinl umilh pole must 
I be a magnetic north jtnlc and vnce versa. Tlie magnetic south 
1 pole does not coincide with the earth's north pole, hut is aboul 
I 1,000 miles to one side of the latter. 

MAG NETl Z ATI ON . 

13. Two questions will now suggest themselves, to which 
1 we will have to find an answer, viz. , ( 1 ) Why does a both/ uf iroit 
I or »led vniltr certain. cimdUwna change from a nnUrai to <i maffnelic 
I condition f (2) If a piece of Heet is marptetiied in one of different 
I ways, ka^ it had imparted to U a certain magnetic force not pret>i- 
oudy exiting in it, or, if not, where does this force come from* 
1 4. DlflTerence Ret'ween Electricity an<l Magnetism, 
\ Before attempting to answer these questions let us first consider 
\ an important tlifference hetween electricity and magnetism. 
I If, for instance, a conductor is charged with electricity and is 
I brought in contact with another conductor, it will give up part 
I of its charge, as will he shown in Eleetrontatics. On discharging 
I and charging the second conductor again and again, the first 
f conductor will finally have given up all of its charge, and both 
I vill be neutral. 

, If this experiment is repeated with a magnet and one or more 

pieces of steel, the result will be entirely different. Wo can, for 

instance, magnetize and demagnetize one piece of steel any 

nDml)er of times, or we can magnetize any number of steel 

, pieces with the same magnet ; the result will be the same, that 

I is, the magnet will not give up any of its magnetism or grow 

f weaker. How, then, shall we explain this apparent inexhaust- 

[■'ible supply of magnetisni ? 

16. Molecules. — To give an explanation of this phenome- 
I Hon we have to go to the physical foundation of all matter — to 
I the molecule itflclf. The exact form of the molecule is not 
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known, but every indication tends to show that it is more or less 
globular in form, perhaps slightly elongated. It appears that 
in a magnetic metal every molecule is in itself a magnet, very 
much constituted as the globe on wliichwe live. But though 
w^e speak of molecules as being magnetic, we must understand 
this to mean that in reality it is the ether, enveloping each 
molecule, which exerts the magnetic attnaction or repulsion, 
and not the molecule itself. It was already shown that this 
was the case with magnets in general, and it also holds good as 
regards the earth itself. We must therefore imagine each 
molecule to have its own north and south pole and its neutral 
equator. 

Having this clear in mind, let us now see what are the 
positions of the molecules in a neutral piece of iron. We have 
seen that these molecules already are magnetic, and it is there- 
fore of interest to see why it is that they do not show any 
externfil magnetism, and how they may be made to exhibit 
such magnetic effects. When not disturl)ed by external 
influences, the magnetic properties of the molecules of a 
neutral piece of iron are neutralized by the short circuits 
established between the molecules of the iron. 



(b) 





1(>. Intonu'tion IJet\veeii Freely-Siisi)enileil Map:- 
netic Needles. — On holding a magut't near an ordinary 

magnetic needle, the latter will respond 
to every motion of the former and 
occupy any i)osition desired. With 
tiro nia,i;netie needles in close i)roximity 
to each other, as shown in Fig. 1, this 
is no longer the case ; th(\y will refuse 
to move out of line with each other 
until comj)elled to do so by a superior 
force. Til is interaetion is clearly 
shown by means of Fig. S, where the 
neeilles in [)osition {a) are ])lared 
exactly as those shown in Fi^^ 1, and 
therefore mutually reaet on each other 
so as to keep their axes in line. In this and the following 
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figures, the north pole of a needle will be designated by a black 
tip, so as to avoid confusion of letters. 

We will now suppose that a strong magnet N is having its 
north pole turned towards the needles at (a), and that the latter 
are gradually brought closer to the magnet. In position (a) 
we find that the magnet N is unable to alter the relative posi- 
tions of the needles ; they stick stubbornly to each other. In 
position (6) the directing force of N has increased so much 
that they have been obliged to yield and to swing into new 
positions. The angle which they now form with the positions 
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Fig. 9. 



they at first occupied will increase on approaching the magnet, 
until suddenly they will cut loose from eacli other, and, after 
violently vibrating back and forth, place themselves in position 
(c). But that they are holding this position against their 
inclination is shown by the fact that, on removal of the magnet 
Ny they immediately return to tlie lirst position (a). 

17. Increasing the num))er of needles to four, the con- 
ditions are somewhat different, as there are various Ktal)le com- 
binations which they now may make. Lot Fig. (a) represent 
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one such combination. It is seen that this is a very stable one, 
and tliat it will take quite an effort for the ma^etizing force N 
to l)reak it up. On succeeding in doing so, the needles do not 
yet surrender, but effect an arrangement as indicated by 
Fig. 9 (6). Finally they are compelled to also give up this com- 
bination and to submit entirely to the directing force of N, as 
shown at Fig. 9 (c). 

18. Various Stages of Maj2rnetization. — These three 
combinations, as shown in the last figure, illustrate very 
clearly, on a small scale, the three stages which have to be gone 
through in order to magnetize a bar of magnetic material, such 
as steel, for instance. There is first the initial stage, repre- 
sented by Fig. 9 (a). Here it takes relatively (|uite an effort to 
effect magnetization, or to secure the recjuired arrangement of the 
molecules of the iron, that is, to cause the needles to deviate from 
th(!ir original positions ; but no sooner is the magnetizing force 
withdrawn than the needles at once return to their first posi- 
tions. On substituting moletailes in place of the needles, we 
come to the conclusion that on exposing the steel bar to a rela- 
tively weak magnetizing force, no lasting effects w-ill be produced ; 
the molecules will swing back again after the magnetization 
stops, and the l)ar will remain neutral. 

19. Hesidiml Ma«:netisni and Saturation. — On increas- 
ing the magnet i/inji; force until the second combination has 
been effeiied, we have gone through the second stage of 
magnetization, jis shown at Fi^'. li (7>). Here the molecules 
have succeeded in making a new and stable conil)ination, and 
when now the magnet .V is withdrawn, the l)ar will retain its 
magnetism, and we have passed through the stage where resid- 
ual niaprnetism is effected. 

If the magnetizing force is increased so as to carry us beyond 
this stage, we will pass through the third stage, as represented by 
the combination in Fig. (r), where saturation takes place. 
But we have alreadv seen that this, as well as the variations in 
the first combination, are not of a stable character. The result 
will therefore be that after the magnet X is withdrawn, the 
molecules will return to the positions occupied at the end of 
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the 8(KX)nd etagc, aiiJ tiiat the magnetic utrengtli there attained 
will he all that finally remains. 

30. Moleciilui- Rearm nj^ment. — On multiplying these 
groups of four, wc would liavu a coiiiliinatiun somewhat similar 
to Fig. 10 (h), where the magnt'tie nwdliis are replaced hy 
figures which mny represent molecules and on which the hlack 
tips signify north ix>les. We notice that the molecules are all 
magnetically interlocked with each otlier, forming stable com- 
binations which are difficult to break. The diagram may 
represent a small particle of steel while in a neutal condition 
and exposed to a weak magnetizing force N. On increasing 
the latter tiie molecules will break their connections in order to 
turn around, so as to let their nortli i)oIes i>oint more in the 
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direction of the lines of force pnweeding from the exterior 
magnet jV; at the same limn tht-y will carry out new com- 
binations of closed circuit.-', as shown in Fig. 10 (i). 

A further increiiKe of the magnelizing force will compel the 
molecules to again break their eombinalions and to stand 
exactly parallel with the external lines of force A', as represented 
in Fig. 10 (c); the steel is now mtunUed wilh magnetism. As 
already shown, they will not remain in these jHisilions when 
magnetization ceases, hut will return to the combinations ol 
Fig. 10 (t), which represenls ren'tihia) magnetism. 

21. IiHliicud Kliitcnetlsiii. — In all the experiments so far 
considered, we have niagneti/i-d bars or iieedkw by means of 
another magnet, without actual eontjict. Magnetism effected in 
this manner is said to be liidiic-ed. It must now lie evident 
from the previous explanations that no attraction or re|>ulsioii 
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can take place between a magnet and a neutral body made of a 
magnetic substance, before the molecules of that body have 
become arranged in the required manner — that is, not before the 
molecules have been compelled to break their combinations 
and place themselves in line with the inducing lines of magnetic 
force. 

22. Hydraulic Analogry. — These interactions between 
molecules and an external magnet may perhaps be made a 

little clearer by an analogy 
from hydraulics. Let a in 
Fig. 11 be a short tube 
situated in a tank T filled 
with water. The tube has 
in its interior a propeller p 
constantly revolving in such 
a manner that it will cause 
the water to flow in the 
direction indicated by the 
arrows. The tube is free to revolve around the point 6, and is 
provided with a small vane v. We may consider this as a fair 
representiition of a molecule with its surrounding lines of force. 
Let us place four of these tubes in a pij)e /*, shown in cross- 
section in Fig. 12 ((/). They are all free to revolve around the 
points 6, but will place themselves so as to constitute a closed 
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circuit. P]vidently there is a current constantly flowing in a 
circular })atb, from tul)0 to tul)e, l)ut there is no evidence of this 
outside of the tube P. We have here a condition similar to 
that of a piece of steel before the molecules of the steel have 
been rearranged by some external influence so as to exhibit the 
properties known as magnetization. 
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On now sending a current of water through the tube from the 
outaitie, in a direction indicated by the arrows e in Fig, 12 (d), 
the tendencj- of the current ivill l)e to deflect the tnhes by 
niennB of the vanes v bo as to send their current* in the same 
direction as that of the external current. If the latter ia strong 
enough, it will be at)le to compel the tubes to occupy positions 
similar to that of Fig. 12 {h), which would correspond to the 
second stage of magnetization, where the induced magnetism 
is residual. 

If the current-strength is increased still more, the tubes will 
be obliged to also give up these positions, and will then stand 
as in Fig. 12 (c), which corresponds to the condition of a satu- 
rated magnet. 

When we divert the external current e, the tubes will return 
to the positions shown in Fig. 12 (ft), and a current will now 
flow constantly through the tube, corresponding to the slate of , 
a Bubalance in possession of residual magnetism. What we 
now have accomplished is to make an apparently neutral tube 
eject a constant stream of water, after first having stmt an 
external guiding stream of water through it. 



23. Kxftmples of Magnetization. — We are now in a 
position to put our theories to a practical test and find an 
explanation for phenomena which have been familiar to us, but 
not umk-ratood. Ia'I us, for instamce, consider what takes place 
when a etsel bar is being magnetized by a permanent magnet. 
It is an old and well-known method to stroke the liar with the 
magnet in a certain manner, and we are now able to see what 
the rtaulting polarity will be and why certain- precautions 
must be taken. 

In Fig. IH we have a steel bar fl to be magnetized by means 
of the bar magnet ^f. In the illustration the north pole of the 
bar magnet is plactil at the mid<lle of the bar and we see the 
lines of force proceeding from the magnet into the bar, where 
tiiey divide and proceed both to the right and left, later to 
retom to the magnet through the air. As the molecules in 
the bur must face with their north poles in the directions of the 
lines of force, we find one-half of the molecules facing in an 
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opposite direction to that of the other half, and we will therefore 
find a north pole at either end of the bar, with a south pole at the 
middle. A bar magnetized in this manner is said to have con- 
sequent poles. It is 

evident that matters 
will not be any better 
by moving the magnet 
back and forth, as the 
magnetism which is 
induced by one stroke 
will be reversed by the 
return- stroke. 

We will therefore 
have to change this 
method and proceed as 
indicated by Fi;,^ 14. Here the magnet is moved from right to 
left, where it leaves the bar to return through the air to the 
starting point. During this manipulation the molecules will 
have placed themselves with their north j)ole8 towards the right, 
and their south p(>les towards the left, and the bar will therefore 
be magnetized so that its north poh^ is on the r/V//// side, and its 
south p()](i on tli(^ left side. 

Fig. IT) ]>n>vcs tli:it it is inunaterial in which direction the 
magnet is iiiovc<l, as in tliis instance llic latter has been moving 
from left to right and 
then rctnrn<'d throngh 
the air. TIh' bar has 
now a north ]hA{) on 
the Irft si(h'. ( )f <'onrsc, 
this strokint: lias to \u) 
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rej)eat<'(l on the lower y 
side of tfic bar. 

24. It will ]»eun- 
necessary here to enter 
more into detail of tlic^ varirjns kinds of magnetization, but, to 
make the exam]>lcs com])lete, we will later on consider how 
magnetism may be induced by means of the electric current. 
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At the present stage it should no longer surprise us why, when 
a magnet is hroken into smaller parts, each of the latter should 
be an independent magnet, with its own north and south pole. 
In fact, we can see, when looking at Fig. 14, that it should be 
possible to continue this breaking up of the bar into the smallest 
fragments and still find complete magnets of diminutive size. 
There is no such thing as a magnet having but one pole. 

25. KfTect of a Weak Induelniy^ Ma^n^^t. — We saw, 
when Fig. 9 (a) was described, that the niolecules during the 
initial stage of magnetization adhered rather tenaciously to one 
another so long as they were aljle to maintain their closed 
circuits. It would therefore appear that, if these combinations 
could be broken up by other means than an inducing magnet, 
so that the influence of tln^ latter would simply be a guiding 
one, it should be possible 
to effect a strong mag- 
netization with a weak 
inducing magnet. This 
has been found to bo 
the case, and there are 

several methods by \OOC>OC?C>C?C>C><?C>C> 
means of which this may ^ 
be accomplished. Under 
these circumstances the 
rather weak inducing influence of the terrestrial magnetism may 
be used with advantage. 

In Fig. 7 we saw the general direction of the earth's lines of 
force, and by means of this illustratitm we will be ai)le to deter- 
mine how a bar that is to be magnetiz(*d by the earth should l>e 
placed, as shown in Fig. 15, in order to l)e un<ler a maximum 
inductive influence, and also be able to foretell the polarity of 
such a bar. 

2(>. Disconnection of Molecules. — The disconnection 
of the molecules may ])e secured in four different ways. {\) By 
netting the iiKt/ecu/es intn vihnition. This is jiecoinplished by tap- 
ping the end of tlu; bar willi a wocKJttn mallet whiK' liolding tlie 
fonner in a vertical position. (2^ Bij incmisiny the hitend 
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distance between the nwlecuUSj which is attained by subjecting the 
bar to a tortional strain. (3) By increasing the Umgitudinat 
distance between the molecules^ as effected by elongating the bar. 
(4) By exposing tlie bar to h^at^ when the result is twofold. 
Not alone are tlie distances between the molecules increased all 
around, but the latter are also set vibrating at a constantly 
increasing rate. 

A bar magnetized by any of these methods will, if situated 
north of the equator, have a north pole at its hwer end, because 
the terrestrial Unes of force pass downward in northern latitudes. 



THE MAGNETIC CIRCUrT. 

27. ILength of the Magrnetic Circuit. — The lengrtli of 

ji magnetic circuit represents the average lengths of all the lines 
of force measured from where they pass out from the north 
pole along their circuit through the surrounding medium to 
where they enter the south pole, plus their length in the mag- 
net. In a short bar mnynct^ the length of the magnetic circuit 
may l)e exceedinjj^ly large and difficult to measure, because a 
great many <>f the lines of force will travel a long distance 
before entering tlie south pole. Whereas, in a longer bar ^ bent 
into the i<hiipe (tj a hi>rs(\shot\ the lines of force pass out from 
the north })ole an<l immediately enter the south pole, thus 
making the average length of the magnetic circuit compara- 
tively short and easy to determine. 

28. Direction of Twines of Force. — Lines of force can 
mver inten<ect each other. When two op])osing magnetic 
fields are brought together, the lines of force from each will be 
crowded and distorted from their original direetion until they 
coincide in direction with those opposing tliem, and form a 
resultant Held. The direetion of the lines of force in the 
resultant field will dej)end uj)on the relative strengths of the two 
opposing magnetic lields. 

29. Similarity IJotween Magnetism and Electricity. 

There are a great many ])oints of similarity between the 
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flow of magnetism oiid that of electricity. Air ie a medium 
that ofTerH great retustaiice to both, atthougli less to magnetism 
than to electricity. Magnetism will penetrate air more readily 
than will electricity. Metals like iron and steel are very readily 
penetrated by magnetism. When one of these metals is present 
in the magnetic circuit, the magnetic Hux leaves the air almost 
entirely, and flows through ttic metal. The metallic body 
will then, for the time being, become a magnet with a south 
jwle where the lines of force enter it, and a north pole 
where they pass out. In Fig. 16, J is a permanent magnet 






w^- 




and Ji a piece of iron called an armature, which is placed 
across the ikiIcb of the magnet. The lines of force are seen 
to continue their jiath through //, making a magnet of it, 
while the armature in return greatly reduces the resistance of 
the circuit. 

30. lU'liK'lniiff unci MoKiietonKdive Ft»rt'».>. — Kesist- 
ance to the flow of magnetism is called r»[iictan('e. Though 
at first glance reluctance may seem to be an exact counterpart of 
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the resistance of electric circuits, tliere is yet a great difference 
between them. In an electric circuit the resistance in ohms of a 
given conductor is a constant, so long as the temperature 
remains the same, no matter how great an amount of current 
may he sent through it. In a mtignetic circuit the reluctance 
does 710^ remain the same, but increases with the density of the 
magnetic flux, first slowly, but later on almost in direct propor- 
tion to the increase of magnetiziJtion. 

When the magnetic iiux is weak, the reluctance of the air 
may be a thousand times greater than that of iron, but when 
the llux is increaseil to a high density, the reluctance of the 
iron will increase until it is very nearly the same as that of air. 
On the other hand, we find that the flux is proportional to the 
force causing it to flow, here called magrnetoTnotive force, 
and inversely proportional to the reluctance. We have, there- 
fore, practically a parallel to Ohm's law for the electric current, 
and we may write the law as follows: 

. ,, magnetomotive force 

macnetic ilux = , ^ 

^^ reluctance 

The unit of imujnetk Jiax is called the ireher ; the unit of 
miujnchumdin' force is called \\w (jllhei'i ; and the unit of rduo 
Uince is called the (uratrd. 

The last formula can therefore also be written in this fonn : 

, filbert 

weber -- ^ ,. 

oersted 

31. The source of the magnetomotive force will be con- 
sidere<l lattT on ; at i)resent we will consider other points 
of similarity between electric and niajj;netic currents. In an 
electric circuit the resistance depends on the substance of 
which the conductor is coni})osed, on the length of the con- 
ductor, and its cross-sectional area ; the magnetic lliix is 
also dcjK'ndent on the substance or substances that constitute 
the circuit, the length of the circuit, an<l the area of tlie 
con<luctor. To decn-ase tln' resistance of a wire, its length may 
be reduced or its cross-sectional area increased. In the same 
manner the reluctance of a magnetic circuit may be decreased. 
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The sectional area of a magnetic circuit at any point in a 
magnet is the area of a plane through which the lines of force 
pass, the plane being taken perpendicularly to the direction of 
the lines at that point. The sectional area of the magnetic 
circuit outside the magnet is an indeterminate quantity, because 
the lines of force spread apart and diverge in all directions 
before entering the south pole. But where the lines of force 
have only a small air-gap to pass across, the tendency to spread 
apart will be less, and the sectional area of the magnetic circuit 
may he >taken as the area of the polar face. For example, the 
sectional area of the magnetic circuit in a bar magnet 5 inches 
wide and 25 inches thick is 5 X 25 = 125 square inches. 

32. Classlfl cation of Maiornctle Circuits. — There are 
three kinds of magnetic circuits : 

1. A non-iaag^tietic circuit, in >vhich the flux has to complete 
the whole circ.uit through air, copper, or other non-magnetic 
materials. (See Figs. 24 and 25. ) 

2. A closed vuigi\etic circuit, in which the flux completes its 
whole circuit through iron or steel. (See Fig. 1(). ) 

3. A comjMund magnetic circuit, in which the flux passes 
consecutively through irrm or steel and non-magnetic materials, 
as air, wood, etc. (See Fig. 17.) 

33. Maiarnetlc Quantity and I>enslty. — The nmountj 
or quantity, of mngnetmn is exj)resse<l by the totjil number of 
lines of force pjissing along the magnetic circuit. 

Magnetic dem^ity is the number of lines of force parsing 
through a unit area measured perpendicularly to their direction. 

The length of the magnetic circuit does not affect the mag- 
netic density in a circuit, so long as the totiil number of lines of 
force remains unchanged. 

To find the nuignetic density per square inch, when the 
sectional area <»f the magnetic circuit and the t<>tal number of 
lines of force is known : 

Rule. — Diridc i/te total numher of lliiC'S o/' forrr hu the afrtiaiud 
area of the mag net ir circuit in square inrht.^i. 
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Example. — If after measuring the magnetism in a straight-bar magnet 
} inch square and of any length, the total amount of magnetism at the 
middle of the bar is found to be 25,000 lines of -force, what is the 
magnetic density in the bar? 

25 000 
Solution.— The magnetic density in the bar is w{j—^ — 100,000 lines 

.O /\ .0 

of force per square inch. This is equivalent to saying that 100,000 lines 
of force would pass through the magnet if its sectional area were 
increased to 1 square inch and the lines of force were increased in the 
same proportion. 



MAGNKTIC ITXITS. 

34. To facilitate a connection between the electrical and 
magnetic forces, a system of magnetic units has been adopted, 
based upon the absolute, or C. G. S., system of measurements, in 
which C. stands for centimeters, G. for grams, and S. for seconds. 

A unit 'magnetic pole is one of such strength that, if placed at a 
distance of 1 centimeter from a similar pole of equal strength, it 
would be repelled with a force of 1 dyne. 

One lint of Jorcey or a unit line of force, is one of such strength 
that if a unit magnetic pole be placed upon it, the pole will be 
urged along \vith a force of 1 dyne. 

A magnetic field of yyiit densltii is one in which every square 
centimeter area is cut ))y 1 line of force. Therefore, a magnetic 
field of unit density re|>resents a condition wherein 1 dyne of 
force acts upon each unit pole of the magnet. 

The force, in dynes, acting upon a magnetic pole placed in a 
magnetic field, is e(jual to the strength of the })ole, in polar 
units, multiplied by the density of the magnetic Held at that 
point. 

F.I.KCTKOMAGXETISM. 

35. When we considered the conditions of a magnetic 
molecule, it was found to be in ))osscssion of a niMi^Mictic field, 
or of lines of magnetic forc(\ and the proi)(Mti('S of magnetism 
and magnets, so far described, depend on the properties of 
these molecules with their inherent niagnetisni. If this were 
the only source of magnetism, electricity would never have been 
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able to reach the preeminent position it occupies today ; but, 
happily, means for providing an inexhaustible supply of 
magnetism, of an intensity hitherto unheard of, were found 
when electromagnetism was discovered. The phenomena of 
electromagnetism will now be considered. 

36. If a freely-supported magnetic needle is placed under 
a conductor in the position indicated in Fig. 18, it will, as soon 
as a current of electricity is sent through the conductor, turn in 
the direction indicated by the arrows and tend to place itself at 
right angles to the conductor, its angular motion depending on 
the strength of the current. If the conductor is free to move and 




Fig. 18. 

the needle is stationary, the conductor will move in a direction 
opposite to that indicated by the arrows. If both needle and 
conductor are free to move, the action will be mutual, each 
moving in a direction opiK)8ite to that taken by the other. In 
other words, an electric current and a magnet matually exert a 
force upon each other^ and this force is always exerted at rhjht 
angles. 



MAGNETIC FIELD OF ELECTRIC CONDUCTORS. 

37. Magrnetle Forces. — In looking for an explanation of 
this phenomenon, our lirst impulse would )h' to e.xaniine, if 
possible, the immediate neighborhood of an active eonduet^>r, 
to find whether the conditionn existing previously have been 
changed since a current began to How. On |)aK^iiig tlie eon- 
ductor up through a hole in a pieee of canlhoard and sprink- 
ling iron filings on the latter, we lind that they will arrange 
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themselves iti concentric circles around tlx wire as shown in 
Fig 19 It niik<.e no difference if 
the cardltoard is moved along the 
conductor the effect is the same 
anynlierc along its entire length 
iiuthcr lb the [ihenomeiion limited 
to the immediate neighlx>rliood of 
tliu conductor the efTcct can in 
f ict \>B traced under proper condi 
tioiis lit a distance of miles away 
from a lonductor A practical 
example of this is been m wire- 
less telegmphy 

38. Magnetic WhlrlM. — Here we have again the lines of 
niaf;netic force, found to exi^t in and near magnets, but in a 
sonicwhut different form. We must imagine that the spaoe 
BurnHinding a conductor is filled with innumerable magnetic 
whirls, all revolving in the same direction ; these whirls are 
very close together near the conductor, hut farther apart as 
their distance from the conductor increases. Fig. 20 will give 
a geiieml idea of the position these njagnetic whirls occupy 
relative lo tlic eiuiilnctor. It must be understood that part of 
the electric i-nei^y supi»lied to the conductor is utilized not 
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alone in setting u[i thiwe iiiiitinctic whiriw hut also in maintain- 
ing tliem. Jf wu n'fiun re.'^iirt to tlir ruljber ring.s as :in illus- 
tration, w.' fiui iiLidurstiiii.l lliiK tiiese whirls, hk>- extended 
rubber rinfjs, lend lo counteract ;ni :inen)]it to cKterui tliem and 
eiilargi! their itianii-ler,-;, ;nid ijial, :ifter ihi-y an: in ;ui extwidcd 
conilition. an irlTort is ruqinri'd to niaiiilain tbcrn in that pnsi- 
tion, their ti-]idency bein^r to c.ntrael tlicmsi-lvcs into the shape 
of small rinjis reslinj,' in the eonduetor. 

To carry tlje illustration still further, we may suppose tliat an 



§2 MAGNETISM AND ELECTROMAGNETISM. 25 

increase of current-strength will result in an increase of the 
diameter of the existing circular linos of force at the same time 
that new lines of force will he sent out from tlio conductor, the 
result being that there will be an increase of whirls per unit 
length. The starting of a current will therefore he followed by 
a spreading out of these whirls ; while, on the other hand, the 
stiippnge of the current will result in an immediate return of all 
the whirls to their original starting place in the conductor. 



39. Direction of Magnetic Whirls. — It was stated 
above that these magnetic whirls were all revolving in a certain 
direction ; it must here be 
added that the direction of 
the current in the conductor 
always stands in a certain 
relation to the direction in 
which the magnetic whirls 
rotate, so that by knowing 
the direction in which one 
of the two factors is moving, 
the direction of the other 
can always be determined. 
Considering these whirls as 
made up of circular lines 
of magnetic force, we can 
now see why the active 
conductor should have an 
influence on the magnetic 
needle, as was shown to he the case by means of Fij^. IS, and it 
now remains to find in which direction the lines of forco are 
moving when the current in the conductor is flowing in various 
directions. 

If we imagine a current to he ilowing from the observer 
towanls and into the conductor r, Fi^. 21, it will be found that 
the lines of force travel in the direction indicated by tlie arrows, 
and as the magnetic needle always points with its north pole in 
the direction in which the lines of force are traveling, it follows 
that a magnetic needle, if placed above the conductor, would 
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point to the riglit, and if below to the left. From this we 
deduct the following : 

Rule. — If the current in a cmiHiiclor is flrneing aivay from the 
obsfTPer, then the direction of the lines of force reill be arotmd the 
conditclor in the directian of the hands of a vxttch. 

A simple method for remembering the connection between 

tthe lines of force eurromiding a conductor and the 
direction of the current in the latter, is the follow- 
ing : Imagine an ordinary nut a, Fig, 22, to represent 
the lines of force, and a bolt t to be the conductor, 
both nut and bolt having, as usual, a right-hand 
thread. If the bolt is placed with its head c down- 
wards and the nut screwed on the bolt, it will turn 
towards the right and will at the same time move 
downwards. The direction in which the nut revolves 
gives the direction of the lines of force, and the 
direction in which the nut proceeds indicates the 
direction of tlie current. It follows that, should 
the current be reversed, the lines of force will run 
in an opposite direction. 

40. Attnu-tlon and Repulsion or JJnes of Force. 

The ruk', (jivin in Art. 10, stating that lines of force, when 




running i 
nuining i 



(lie same direclion, repel 
opposilo direclioiis iitti;ict 
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gtKtd for a maijnetic field surroutuling an iictive coiuluctor. 
Let us examine tlie effect of tlieae attraetinns and repulsions iin 
two parallel conductorR with the currents in thera running in 
opposite directions and placed near each iitlier, ae in Fig. 23. 
Examining the few isolated whirls ttiere repres<iiited, we find 
the lines of force adjoining each other In be running in the same 
■direction ; a repulsion will therefore take place. The whirls 
tend to crowd together near their respertivo conductors, and as 
these whirls are siipiKt.sed to he closely interlinked with the 
molecules of the conductors, a mutual rcpuJHion of the lines of 
■force will result in a mutual repulsion of the two conductors. 

On the other hand, if, aa in Fig. 24, the cuirents in hoth con- 
ductors run in the same direction, the lines of force adjoining 
each other are found to run in opposite directions; they will 
therefore mutually attract each other and unite into one line, 
and as the tendency of each line is to contract iteelf, the result 
will he that all the lines of force will seek to draw the con- 
ductora closer together ; that is, an atlraction will take place. 

^Fronl these experiments we deduct the following law, as first 
Bxpreesed hy Ampere : 

Rnle. — Tivo jiarnllel portions nf a circuit attract each other ij 
the cwrmta in them arefmmng in the same directioJi, mid repel each 
other if the ctirrenls Jlnw in nppoaile directions. 




If the conductor carrying the current is hent into the form of 
»p, lu shown in Fig. 2J, then all the lines of force around the 
idackir will pass through the loop in the same direction. 
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Any niji^etic siilistanco, therefore, such im iii, wlicn placetl in 
front (if tlie l(iop, would tend to place itself with its longefit axis 
projecting into the loop — that is, in the direction of the lines of 
force. 

41. Solenoid. — It can be easily seen now that hy increas- 
ing the numlwr of loops, as in Fig. Sfi, the lines of force of each 
loop will join into one long loop, enclosing all the conthietors, 
and entering at one end will pass through the whole helix to 
make a return path on the outside. In fad, we find the same 
conditions that exist in a Iwir magnet — the lines of force pass 

• out from one end and enter at the 
other ; hy closer examination the solen- 
oid is also found to jiossess a north 
/ and a south pole, and will niafcnetiiie 
and attract magnetic tmdies. It will 
also, if freely suspended, place itsoif 
in the direction of the magnetic merid- 
'"'■ ^ ian. A helix made in this manner 

nnil with a current of electricity flowing through it, ie called 
a solenoid. 

42. lUifctlon of Current Aroiin<l Nolnioitt, — To 

dct<;riiiine the dinrlion in wliich the corRTit will Jiiive to circu- 
late iir-miid a Ki.lmoid, in ord.T to jirodiiiv a north or a south 
pole im llic end nearest Ihe oIisitvit, wr niiiy again utilize the 
rule stated in Art. ;jiJ, giving th<' dircctiuii nl tin; lines of force 
in an active eodiliictor. 

Thin is imrposcly done in order lo liiiiit tlic rulrs rwpiiring 
nicnmriziiig to the fiiwi-st possililr, and to so conniK/t these rules 
that they may all he derived from om- inain ndi-, if il should 
nccJisionally he fcnnd iieceswnry lo rvfi'csh the nu'iimry. 

In the nile n.-ffni>.l to, it was wiid thai tin^ dirrct-ion of 
the lines <.f forn- aniutid a cominelur jirv in Ihe dir.rti.ni (if the 
hands of a watcli. when the riirn-nt Hows away fn.m the 
ohserver. If we ninv ivversr the i-onclitii.ns and jdace thi- linifl 
of toR'e whcie the .■tirrcnl was, and l,t tlic eiirr.-i,! .■irriilate 
instead of the lines --f forc.\ we have the fu]|o«-inj. i„u,lifi,.ation 
ot the prcvioTiH ndr. 
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(a) Rule. — If the lines of force are flowing into a helix aimiy 
fnnn Uie observer^ thai tlie direction ^of the current around the helix 
mill be in tlie direction of the hands of a watch,- 

When the direction in wliich the current circulates is known, 
then tlie rule nmy })e stated in the following form : 

(J)) Hale. — If the direction (f the current around a helix is in 
tlie direction of the hands of a ivatchj then the lines of force are flow- 
ing into tlie helix away from the observer. 

We have already seen that in a magnet the lines of force 
enter at the south pole and leave at the north i)ole ; therefore, 
when looking at the end of a helix into which the lines of force 
are flowing, we are looking at its south pole. If we are looking 
at a north i)ole the current will circulate in a direction ojrposite 
to that of the hands of a watch. 

43. Ampere-Turns. — When the magnetomotive force was 
mentioned in the previous pages, the source of it wtis left an 
open question; it will now be seen that the magnetomotive force 
depends for its strength on tlie intensity of the current and on tfie 
number of coils, or complete turns, through which the current passes. 
The total number of turns multiplied by the strength of the 
current in amperes will give the magnetizing force in ainpore- 
tums. It has been proven that, for a given number of ampere- 
tunis, it is of no consinjuciKe what relation the two factors, 
amperes and turns, have to each other, so long as their 
product remains the same. For instance, it is immaterial 
whether 500 ampere-turns are produccil by 100 amj)eres cir- 
culating through 5 turns, or 5 amptres through 100 turns, so 
long as their product remains 500. An ampa'c-turn in di fined 
as the amount of M. M. F. produced by a turn of aire carrying 
1 ampere. 

44. Periiieiibility. — It was seen in Art. t28 that, when a 
magnetic sul)stan(M' is broiifrht into a ma^fnctic licM, the liia^ of 
force in the Held crowd to^ctluT, an<l all try to pass through the 
substance ; in fa<t, tliev will change tlirir curved sliapf, as stM*n 
in Fig. 1(>, and go a considerable disUuice from their original 
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position in order t^) pass through it. A magnetic stibsUince, 
therefore, offers a better jHith for the luies of force than air or other 
non-maynetlc substances. 

The facility afforded by any substance to the passage through 
it of lines of force is called magnetic permeability, or simply 
jieinncability. 

The permeability of all non-magnetic substances, such as air, 
copi)er, wood, etc., is taken as 1, or unity. The permeability 
of soft iron may be as high as 2,000 times that of air. This is 
one of the reasons why soft iron is used as a core in the 
solenoid of the faradic apparatus. If, therefore, a piece of soft 
iron be inserted into the magnetic circuit of a solenoid, the 
number of lines of force will be greatly increased, and the iron 
will be magnetized. 

ELECTROMAGNETS. 

45. A magnet produced by inserting a magnetic substance 
in the magnetic circuit of a solenoid is an electroma^rnet, and 
the magnetic substance around which the electric current cir- 
culates is called the core, as shown at C in Fig. 27. The north 
and south poles will be as indicated, for reasons already given. 

4(>. Permeability and Conductivity. — It may make 

matters a little clearer to c()nij)are the permeability of a mag- 
netic substance with the conductivity of an electric conductor. 
With a given electromotive force, the strength of the current in 
a wire dej)ends on its conductivity. If a wire of less resistance, 
or higher conductivity, is used, the current-strength will 
iinn]e<liately increase in direct proportion to the conductivity. 
The behavior of a magnetic circuit in a solenoid is somewhat 
similar. Let a given nuinl)er of anipiTe-turns produce a 
magnetic llux of a certain density ; if the resistance of one part 
of the circuit be decreased by inserting a piece of soft iron in the 
solenoid, the ni:ign(3toni()tive force will have less ri'sistance to 
overcome, because the iron is a i»etter magnetic conductor than 
air and is of a higher inagnt'tic ])ernieahihty ; the result, 
therefore, will he a corresponding increase in the magnetic 
flux. It is well to bear in mind that here the similarity ceases. 
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BB the permeability it; not a cnngtant quantity, liko tho resist- 
ance of a conductor, but varies with the density of the flux. 

47> Mo^rnetiztui; Coil of an EleetroniagneT. — In an 
electromagnel, as ordinarily <.-( instructed, tlie niagnetiaiiig coil 
[jonsists of a large luimber nf 

lums of insulated wire ; that \ f 

is, wire covered with a Inyt'r 
'tr coating of some non-con- 
ducting or insulating material, 
usually eilk or cotton ; olher- 
wiae, the current would take 
a shorter and easier circuit 

from one turn to the adjacent one, or from the first to the last 
turn, through the iron core, without circulating around the 
magnet. 

An electromagnet in its siniplesl furm is shown in Fig. 27, 
and as it ia usually constructed in Fig. 2H. Though tlie 
efficiency of an electromagnet in this form is rather low, it has 
been used to a very large extent in tlierapeutica aa an induction- 
coil. It con.sists of a straight har of iron nr steel fl fitted into 
a spool or bobbin CC made of hard vulcanized rubber or some 
other inflexible insulating material. The magnetizing coil of 
fine insulated copper wire w is wound in layers on the bobbin, 
Bs shown. 



48. 



Polarity of au Electroinatrnet. — Thit rule given 

in Art. an determines tiio poiar- 

ity of a Bolennid when the direction 

•Jt^ in which tbe current is flowing is 

known. The same nde holds good 

for an electromagnet, and it makes no 

difference towards which end it is 

wound, whether wound in one layer 

nr in any niiiiibor of layers, as long 

as it is always wound in the same 

direction around the spool. The main 

"' ^ point to observe ia that the current 

circulate throughout the coil, always in the tame directionj 
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an, for instanrp, in tlin direction of the IhvikIs of a. wntrli. 
Should the inner layers ho wound in a direction op{ioKitR to 
Uiat of tlie outer layers, there wonld ho a tciidoncy to i)n>duoi' 
a north j>ole ami a Boiith i>ole at 
the same end of the magnet, with 
the result that the magnetizing 
forces in each layer would neu- 
tralize each other; bene* the iron 
core would not become a magnet. 




49. The Horseshoe Elec- 
. tromagnet. — A form of electro- 
magnet much, more efficient than 
that shown in Fig. 28, and one 
which is put to a greater variety 
of usee, is the horseshoe, or 
yl^]^ U-shaped, clectrnmagnpt, illua- 

trated in Figs. 29 and 30. It 
consists of a bar of iron bent into the shape of a horecehoe, 
with Ktraight ends, and provided with two magnetizing coils, 
one on each end of the magnet; the two ends, which are sur- 
rounded hy tlie magnetizing coili, art, tht corcH of the nngnet, and 
tiie arc-sh;iiHMl piece of ir()n joining them together la known aa 
the yoke of the magnet. The ordinar} U aliapul magnet, shown 
in Fig. !{0, in made in thrw jiart* , mmth two iron cores 3/ 
wound with the iiiagnHiziiig 
coils r, iind a straight har of i9- 



iron h jiiinidg tlie two cort's 
together. In looking at tlie 
face of t!iu two corcH, Fig. 
29(/'J,andretni.niiH.Tin-lIie 
rule whicli gave the n^hitinn 
between the jiolai'ity and 
the direction of the rnrront 
flow, it is seen .thiii the 
current must circulale i 
cori-s, otherwise thry v 
If the rules already gi 
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reason for winding the two cores of this magnet in upjKtHite 
direction a will he easily undersliiod. 

Following the path of the magnetic flux in Figs. 28 and 
29 (d), it can easily be seen why the latter shonld ha the more 
efficient of the two. In Fig. 28, the return-patli of the lines 
of force lies along the whole length of the bar J}, and, being 
through air, must necessarily be of high reaistjince. In Fig. 29 
(«), the lines of force have simply to cross over the gap Iwtween 
jVand S, while the rest of the circuit is completed through iron. 
Bringing the jwles closer tt^ether would 
decrease the resistance still more. 

50. The Iroo-ClttU Klec-tromufcuot. 

The electromagnet of Uie least resistance is 
the one known as the Iron-clad electro- 
majiruct, and illustrated in Fig. 31. It con- 
tains only .one mi^netiziug coil and one core. 
The core SI is fastened to a disk-shajjed 
yoke and the magnetic circuit in com])U'ted ■ 
through on iron shell S that rises up from 
the yoke and completely surrounds and proteets the coil. If an 
armature is placed in front of the core, the paths of all the 
lines of force will be Umiugh iron. 




KLKCTitOMAUNETIC INIU'CTIOV. 

61. Electromotive Force fu a Conductor. — It has 
been shown that a iimgnet is constantly Kurrotiniled Ij\' a tield 
of magnetic force, and also tliat the riurrouiiding space ui a ciin- 
ductor is immediately filled with circulating liiic.^ of Inrw, as 
soon as a current begins to pass through it. Furthtrr on it was 
shown that the lines of force surrounding two <)r more magnets 
or two or more conductors react on each othtr; that is to say, 
not alone m^iet on magnet, but also magnet on conductor. 
On obser%'ing the phutiomenon tliat lines of force l>egin to move 
around a conductor on the closhig of the circuit, the ipiestiori 
might p^liaps suggi-st it.-^clt as to whelhcr a reversal of tlie 
phenomenon was possil)le ; or, in other words, whether litit-s of 



84 MAGNETISM AND ELECTROMAGNETISM. §2 

force could be made to create an electromotive force in a con- 
ductor and start a current. Faraday made the important dis- 
covery that this eflfect is indeed produced in a conductor unVler 
the conditions mentioned, and thus laid the foundation of the 
principles on which the dynamo of today is based. 

In the following pages we will therefore consider the other 
methods mentioned in Art. 21, Direct CurreiUs — those pro- 
ducing an E. M. F. by means of dynamo-electric machines, 
induction-coils, etc. In either of these appliances it is a ques- 
tion of interaction between magnetic lines of force and electric 
conductors and of producing a motion of the lines of force or 
of the conductors, as the case may be. 

62. This interaction between magnetic lines of force and a 
conductor can be shown by means of the following apparatus : 
In Fig. 32 (a), a is a solenoid, whose terminal wires c and d are 
wound a number of times around the compass e, which then 
seiTes as a gcdvanometer, an instrument described in Essential 
Apparatus, From the explanation given in Art. 36, it is 
clear that if a current is passing through the wires c and d 
it will affect the comi)ass and compel it to swing either 
to the left or right, depending on the direction of the cur- 
rent. If, now, the magnet h is moved quickly into the 
interior of tlie solenoid, the coni]>ass needle will swing through 
a certain angle, proving that a current has been passing 
througli the solenoid. As soon as the magnet stops its 
motion, the needle will swing back to its initial position and 
come to rest. 

When, now, the magnet is withdrawn from the solenoid, the 
needle will again swing tln*ough a certain anglu, but in an 
opposite direction to that of its lirst deviation, proving that in 
this instance again a current was started, but in an oj)iK)site 
direction to tlie fornjcr current. 

It will a/.>v; he Joo.'.d t/t<it no rtirrnit i-i jiowiiuj i<o lomj as the viag- 
net nmdiii.'i MutinniU'ii^ hut only when a change takes place in 
the position of the magnet. Tlietinicker these njotions are, the 
mort? will tlie needle deviate, and, consetiuently, the stronger 
the actuating current must have been. Of course, the same 
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effects will be produced if tlie ningiiet is slat.innary and tlie 
coil constituted the moving,' part. 

53. A SolenuUl Coiivej'iiiK ti Current Acting as a 

Magtiet. — On replacing tlie magnet by another soienoid i, as 
in Fig. 32 (c), the resulti* will be ainiilar; on letting /) enter 
the BoleniiiJ a, a current will flow tlirough the latter in an 
opposite diriHition to that of the other current, which is estab- 
lished by thfl removal of the solenoid b. 




It i.s furlliLT found that it this tnjleiiuij conveying u current 
is plaoeil insiJo anoLlier soluioid, and the circuit (if the foraicr 
&roi'en, a current will ilnw in this latter siilenoid as if the 
solenoid conveying a current had lieun suddenly withdi'awn. 
Likewise is it found (hat un ag;iin cloning tbo ciix-uil the elTecl 
on the solenoid not conveying a current will be the sunie as if 
tbe solenoiii cunveying a, current bad bcui miificrted. In fact, 
any weakening or strengthening of the current in the solenoid 
conveying a current hiis ibo »atnc effect us if the coil was 
approaching or receding from the solenoid conveying no current. 
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We Bce, tlien, that a current is flowing through the coil a 
only when one of tlie coila moves relatively to the other, or 
when the strengtli of t!ie current in the active coil is changing. 
Ab long as both coila remain stationary, or the current in the 
active coil doea not vary in strength, no current will How in 
the coil in which a current is to be induced. 

That, in these exi>erimenta, llie magnet b and the active coil b 
both have the same eiTecta on tiie coil in whicli a current is to 
be induced should not be surprisint;, oa it was shown in 
Art 41, and by means of Fig. 26, that a solenoid | 




lines of fuix-u wliirh tlow ihrutiKh ;itid iiniini'l it in the sonie 
iiiamier as tiiosc of :i |ierm:int-nt iii:i^'ni.'l. 

In liH>kiii<{ f<ir an L-xi>1;iualio]i •>[ llji^i^e |>Ik-ii<)]iicimi we will 
have to iiivi'sli^'iitc lhi> aulions of iiiiitrriclic: liiicH uf i-w.i on a 
condui'tdr, ivlieii tbi; littiT is in niotimi culalivt- t'l the former. 

In Kifj, ;!2 (/.), lliiM'ui]<; iiiwlii.'li wrwi.-b lu indiui- a current 
is sh.nvn in rrnss-s-fctinn. :it|i| ibe lllM^'n<■t /. i^ Minmnided by 
d.)tti'd liiirs /-,. iniliciiliii.u' tin- |"isili..ii .,i,<\ i[iricti..ii of its 
magiKtii; liiirs ,.f lunv. We ,-.■-■ llirsr lin.- uf force paHS 
tliningb the Kurniundin;; i'M|,i,..r wins will.out 1" iiiL- divurted 
from thrir course, and i,s if tli.se ^via-s di.l nut ,-xU. If. ik.w, 
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the magnet is ni<»ve«l d«»irnwari]s, t!.e>«- lintrjs »if fonv will jiass 
across the varicms lum> ••! nine- in iLv <.Y»iK ;».n«l :i certain inUT- 
aetic»n Ijetween tlie ci»n«luctor an*I the line- "f font* will take 
place, whereby an eleeln"»ni«»tivr f«»r<v i^ oreatt-*! in the o»il. 
There will then he a tendency t«» :=lart a current, an<l if the cir- 

m 

cuit is closed, as in Fig«. 32 • 'i an«l ■ - , a current will flow in 
the coil and show its pre^enc*^ hy it^ action on the comj^iss t^ 

54. Direction of ImluetMl E. M. F. — We will now liave 
to consider this interacti«>n !<*twt-«'n a c«»n«hirtiir and lines of 
force more in detail and find iH»ine rule that will in«li»'aie in 
which direction the induee*! E. M. F. i«nd< t«» act, when the 
lines i»f force are flowintr in a given dinrlion. 

The i»rinciple acc*«»rding to wlii«h this interaction takf?? place 
may he stated as follows : A oniflu*:("i\ mnrintj acn*.^ n tunymtic 
Jield so as to cut the Vm*^ **{ fom:, xrUl hurt nu tUrtromnt ire force 
produced in it, and the dirft-iinn *>/ //«/> K. M. F. in thf otndnrinr 
xcUl depend on the nhttire dtnrdoujf of (he mmjntitr f//// and the 
motion of the cfmd»/ctor. 

Fig. 33 will make this principle ch-arer. The lines of 
force are here i)as:?ing fnun tlie north ih»1<.- A' of a ln»rse<hoe 
magnet, and through tlie air-^^'lp in the <lin*<tion indicati^l, to 
the south pole S. The condu<t«»r J. >liown in cross-scrtion, is 
movnng across the fuld in the »lirr<tinn of the arrow, and an 
electromotive force will now he ]>n>diiced in the conductor, 
which tends to send a 



current throu;:h the same 
downwards, throu;rli the *** 

l)ai)er. It is seen that the 






:-L 



current will then How in i 

a direction at ri^iht anj^'lcs '^'' '^' 

to the direction of tlu^ lines of force and also to the din^'tion 

of motion. If the motion of .1 is reversed, the cnrrent will 

pass upwards away from the ]>aper. 

It is imjmrtant that tliis j>rinci|>le ho well understood, as hy 
its means all phenomena conn<'cted with electricity in mt>tion 
can he easilv explained and analvzcd in all their variations. 
Many rules have heen sugg«*sted hy mt'ans of which U) make 
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the direction of the induced currents more easy to remember. 
The one suggested by Dr. Fleming is iis follows : 

Rule. — Hold the thumb and the first and the middle finger of 

the right hand as nearly as possible 
at right angles to each other, as in 
Fig, 34-y so as to represent three rect- 
angular axes in space. If the thumb 
poinis in the direction of the motion, 
and the forefinger along the direction 
of the magnetic lines, then the middle 
finger will point in the direction of the 
induced electromotive force. 

Also, the following adaptation of Ampere's well-known rule 
is frequently used. 

Rule. — Imagine a (nc^immer to he floating along a conductor and 
that his face is turned in the directiim in which the lines of force are 
moving. If both the m-immer and the conductor are moved towards 
his right hand, (he direction of the electromotive force induced by this 
motum will he fmm the feet to the head of the suimmer. 

55, The following rule has been found very easy of appli- 
cation : 

Rulo. — InuKjinc a tn'dnglr B, Fig. sr> (a), placed on a table 
with its high side to the right , and Jet a pencil A he held against its 
upper edge, St/pjtose, nntr, that the lines af ftree are passing from 
the ohfierrers ej/es and proceeding towards the triangle, and that the 
pencil he nmred t<> (he left. ]\'hen i( reaches (lie pnin( of (he (riangle, 
it jrill^ in addidnn d) its lateral nmtian, (dso hare made a downward 
mo(i(ai, indicadng (hat (lie e/ec(rnntn(ire farce pnnluced in (he con- 
duedrr (rials to send a cnrrrnt m a dnoniiiird dinction, Ihi moving 
the candnctor (nnanls (he riah(, (he rect rsc ui/l (air place ; i. e. the 
curren( will (end (a jhtn- upwards. 

After this explanation, FiL^ ."»•"> yj*) alone will lie suHleient to 
determine the (iirertion of tin* indnced i'lertn»in«»tivt^ foree by 
merely imairininir the liius of foix-,* t«> jnocotMl from the 
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observer's eyes towards the paper, so that when the pencil 
moves in the direction indicated, tlic direction of the induced 
electromotive force will be towards the bottom of tlie page. 

It ifi well to call attention to the fact that in the rule juet 
given, no mention has been made of a current Qowiiig ; it has 
simply been said that the elcctniniotive force tends lo act in a 
certain direction, and that it will continue to act so as long as 




the conductor continues to cut acruss ttie lines of force. 
Whether or not a current will flow depends u]M>n the condition 
of the circuit. If the circuit is closed a current will flow ; if it 
Ifl open no current Mill flow. 

56. Magnitude of the E. M. F.— The maprnltiide of 
this E. M. F. will depend not only u)H>n the number of lines of 
force cut through, but abo ujKtn the rate at which tbcy aie cut 
If the conductor pusisis very rapidly lliioUfi;!i tlie nia};iietif field, 
the E. M. F. will Imj very hi^h, but n..t of long duration, while 
a slow passage through the field will ])riKiuce a weak K. M. F,, 
but one sustained correspondingly Umgcr. 

57. Al>s<>lult; I'nit of Potcnllal. Oh<: iili.-iolul,- u,ih of 
poleiUiiil i.i the juitcntial prodiici'd in a ctiiidiirlor when it is 
cutting lines "f f..rce al the rate ..t -w llur uj {••,••■•■ ■[••r «t:-<m,l. 

By definition, 1 mil is eijual to H»(I.(K)(I,(HMI, or H)", absi>- 
lute units; consojuently, in order to prtMlmx'an ehrtnimulive 
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force of 1 volt, the rate of cutting must l)e 10^ lines of force per 
second. This can also be expressed algebraically ; thus, 

F- '^ 
~ W X V 

where E electromotive force in volts ; 

N ■-- toUil number of lines of force cut by the con- 
ductor ; 
t — - time in seconds taken to cut the lines of force. 

If the total number of lines of force remains unchanged, it 
will make no difTerence in the electromotive force developed, 
whether the lines of force proceed from a permanent magnet or 
from an electromagnet. 

58. Cutting: liiiies of Force. — According to Ohm's law, 
the current obtiiined from conductors cutting lines of force is 
equal to the quotient arising from dividing the total electro- 
motive force generated by the total resistance of the circuit 
through which the current j)as5ses. In general, the t<ital resist- 
ance is the resistance of the conductor cutting the lines of force, 
or the resistance of the Intcnial circuit, plus the resistance of 
any conductor or conductors that complete the cxicnud Qiraxxii. 
If /v rt'])rcs(*nts the total rUrtroujotive force in volts, r and R the 
resistance in oiniis of the iuttTiial and external circuits, respect- 

E 

ivelv, and r iho currrnt in anii>crcs, then C - " 

H -t- r 



o\). Unilt of Indiicecl K. M. F. — It will be seen fnmi 
the abijvc t'Xjurssiou that ritlu-r a lari:c <»r a small induced 
current ran 1h' ol'tainrd from ctnidurtoix ruttint: lines of force 
bv sini]>lv rlianiiiiiu: the eonil»inrd re>i>t;iiKM' of the internal and 
exliTual eireuit>. Tljiir i^. liowrvrr. a ni:i\iinuni limit to the 
amount oi eiu'rent ohi un;il'K' in li.is niaiiinr. Tlu/ lines of 
force, whieh air j»ro<ii!vt ij ai'-'.ir.d \\\^• e«»r:'i;;t tor !»v tlir run*ent 
itsi'lf, will alwav-i ait in «'|'|'o^ui..i; i.. ;i...^<.- ]-:-.'.jn.iii^r the 
elei*tri»Mn»tive f«M\t. .n:<l uill \^vA t«» il;>*"rt «'r r:.»u.l them 
awav fn»ni their iM-iuii.al vi;M-. ;i.'i:. Tin- ii.i::. ;■»,»• ^.f lims of 
force pn^lueed around ti.r « .auluetor by thv curnr.i, i^ direetlv 
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proportional to the strength of the current, and conse(juently, 
as the current becomes larger and larger, the lines of force 
which are being cut by the conductor become more and more 
distorted and crowded away from their original direction, until 
the conductor is no longer able to cut all the lines of force, and 
therefore the generated electromotive force becomes smaller. 
A means generally employed to get rid of this effect is to make 
the density of the magnetic field large in proportion to the 
current. This interaction between the lines of force around 
the conductor and the lines of force cutting the conductor also 
explains why it becomes more and more difficult to move a 
conductor through a field as the field grows stronger, as in 
a large dynamo, and why it requires hundreds of horsepowers 
to turn an armature, which, when the dynamo is at rest, may 
be turned by hand. 

Fig. 36 shows that the direction of the lines of force on the 
front of the moving conductor is such that a mutual repulsion 
will take place between them and the lines of force of the 
stationary field, tending to push the conductor in a direction 
contrary to the one in which it is moving ; while, on the other 
hand, the lines of force on the rear of the conductor exert 
an attraction on the cutting lines of force, and seek, like the 
lines in front, to prevent 
the motion of the conductor. 
This reaction may be com- 
pared with the resistance 
which the air exerts on an 
oscillating fan ; an increase 
in speed will l)e met with 
an increased resistance ; while on the cessation of motion the 
resistance will vanish aUogethcr. 

60. stationary Coiuluctoi-s and Movinpr Fields. — It 

must not b<^ supposed that, in order to produce an ole<'troniotive 
force in a conductor, it is necessary for the latter to move, and 
that the magnetic field must always remain stationary ; on the 
contrary, the fact is that the opj>osite case, that of the stationary 
conductor an<l a Uioving field, is a combination as frcHpiently 
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met with in regular practice. The milHons of telephones in 
use are examples of stationary conductors and moving fields, 
and, to quote a few other instances, so are the transformers and 
induction-coils. It makes no difference which one of the two 
elements is in motion so long as the cutting of lines of force 
takes place. It is no matter whether both are moving in 
opposite directions or whether both are moving in the same 
direction with a different speed, with the result that there is a 
relative motion between them. The rule illustrated by Fig. 36 
holds good in either case ; it is only a question of determining 
the direction of the relative motion between the two elements ; 
but should it be desirable to aj>]>ly the nile directly to the case 
of a moving field and a stationary conductor, then simply move 
the triangle in the direction of the moving field, while the 
pencil is allowed an up-and-down motion only. The direction 
in which it is moving will then be an indication of the direction 
in which the electromotive force is acting. 



VARTOT'S MKANS FOR IM>rCIXG AX E. M. F. 

in. Classes of Iiuliiction. — All these various combi- 
nati(Uis of nn^vinir inatrnetio ti«*Ms and conductors are usuallv 
classed under the followinir four lieadings : magneto-electric 
induetion ; ekvtroniairnetic induetion : mutual induction ; self- 
induelion. 

It would perhaps have been more cornvt to place the self- 
induetiou and nuitual iuihutiou lirst, but as these sul>ject8 are 
more easily eoniprehen<letl when an explanation has lH?en given 
of the niairnrtv^-eKH'irie invluetion, thev have been arranged in 
the above order. 

<>«. MjiAjnoto-rUH'trli' liuliu'tlou. — 1:> nuiirnetivelectric 
induelion. an rlov trons^tivo t.^i\e i< ir..liu\vl i:i a conductor bv 
nit^vinii it :icrv^^< ;■ !r:.\;:v,:iv' rul.,1 or bv ^:>-:r;: a niairnetic 
tu'lvl near a eMi.h:.:>v: i: is i:'::r:\:t rial w :::v'h i< vl ^:;e so long 
as a relative :\:v^:ix^n in^twvv:^ tlu^ v*.r..i;:v^»r a::.! ::;, ii^ai^ietic 
tieldlakvs place, h l:as a*,rcaii\ ivcr. vL-vrilv^i. in Ar. 52, 
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how the cutting of lines^of force affects a oiniluctor and tlio 
ilirection in which the E. M. F, is acting; it now remains to 
show the application of the law. In Fig. 37, ^ is a permanent 
mngnet with its north pole at A' ancl it« linee of force pri>ceed- 
ing in the direction of tlie arrows ; C is a coiled comliictor 
shown in erosB- section, Ihat portion of the coil which is cut 
away being indicate<I by dotletl lines. It the magnet is 
inovefl towards and into the coil in the direction indicate<.l by 
the arrows, the conductor will cut lines of force, and an E. M. F. 
will he produced in the coil. Ix;t ns, by means of Fig. 35 (6), 
try to determine the direction in which this E. M. F. is acting. 
Conadering only that portion of the coil marked B, nnd look- 
ing at it in the direction of the lines of force, we see that the 
lines of force are moving tiiwards the left-hand side of the coil. 
Therefore, moving the triangle in Fig. 35 (h) also to the left, it 
is observed that the pencil moves upwards ; the E. M. F. in the 
part B is therefore also acting in an upward direction. Look- 
ing into the coil from the end where the magnet enters, the 
current will circulate in the coil in a counter-clockwise direc- 
tion, and the right-hand 
end of the coil must be 
a north pole. As it is 
known that similar poles 
of magnets repel each 
other, the coil will tend 
to prevent the entrance of 
the magnet. If, on the 
coHtrary, the magnet is 
moving out of the coil, the 
direction of the current will he reversed and the right-hand end 
of the coil will then be a south pole ; consequently, an attraction 
will take plaice between magnet and coil ; hence, the latter is 
seeking to prevent the removal of the magnet. These effects 
take place orily when the magnet is in motion ; as soon aa the 
motion ceases the current stops, Wo have here a confirmation 
o( the experiment illustratctl liy means of Fig. 32 (n). Upon 
thifl action of a magnet on a coil, the following rule, called 
Zenz's law, has been based. 
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Rule — When a condu^or is moving^ in a magnetic field a cur- 
rent is induced in the condncior in such a direction (is by its 
mechanical action to, (ypfpose the mx)tion. 

63, Electromagrnetic Induction. — In electromagnetic 
induction, the magnetic field is produced by an electromagnet 
instead of a permanent magnet, as shown in Fig. 32 (c); other- 
wise the conditions are the same. This combination is illus- 
trated in Fig. 38, in which A again is the moving magnet (here 
a solenoid) in which the current circulates in the direction indi- 
cated by the arrows. The stationary coil G is here shown 
in cross-section with the upper part indicated by dotted lines. 
The cutting of lines of force will affect the parts B in the same 
manner as before, and the current in the parts marked B will 
therefore be in the direction of the arrows. Comparing the 
direction of the currents in the two coils, it will at once be seen 
that they are flowing in ojqwsite directions, and, from the 
previous experiment, we will come to the conclusion that when 
A is retreating, they will move in the same direction. As it has 
already been demonstrated that parallel conductors repel each 
other when their currents run in opposite directions, and 
attract each other when thoy run in the same direction, it can 
at once be seen that the coil C opposes both the advance and 
retreat of tlie coil A, The magnetic flux started by the coil C 
is in a direction entirely ()j)posed to that of the coil A, and its 
tendency is to diminish the flow of the latter, and therefore 
also to diminish the strength of the current in the coil A. 
Aj)j)lying Lenz's law to this j)lR'n(>nienon, we may sum up the 
matter by saying tliat in all c(i''<es of eJcdro magnetic induction the 
induced currents luive such a direction that their reaction tends to 
stop the motion which produces them. 

64. Mutual Induction. — The mutual induction is in 
reality only a modification of tlie eli'ctro-magnc^tic induction. 
We observed before that it was immaterial whether the con- 
ductor or the magnetic field was moving, so long as tlie lines of 
force were cut by the conductor. We may therefore go a step 
further and imagine the coils in Fig. oS as stationary, and by 
some means impart a motion to tlie magnetic field ; a current 
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should thai be staiUd in the o:-:! C The only question would 
be how to move the iDagn«iic ticM of tte o>ii A M-ithout moving 
the coil itsell 

Art. 38 Etated that an increase in cnrrent-streogtb was fol- 
luwed by an increa^td c 

number of lines of force 
encircling the conduclor, 
and aliio by a sfirtading I 
of the same; tliat i^ t-< 
say, the magnetic whirl:^ 
could be BU|ipos«.-d !•• 
increase their diu meters. 
Illustratingthe^e motions 
more fully by means of 
Fig. 39, we may imagine a current of a certain strength to I>e 
flowing through the t-inl A, and that the lines of force (t, «, a 
are produced by the same. If. nuw, the voltage and stronglh of 
the current were iiuTt-a-^iti, tlie lines of force would move fur- 
ward to tlie led until tlicy wruiiied the jjositiim vl lines «*, u', a'. 
This motion would ln) i-<iuivali.iil to a motion of tlit wlioli' 
coil A, and would l«; acconjpanied l>y the same result— that is, 
the starting of a cumiit in an ojijiosite direction. The ten- 
fa- a' „■ dencv of the indiK'c<l 





current 
sfiuJ ;ii 



I l>e 



lating around it will rem 
will be no curn'iit in the 
their positioiH tliat forces 
begin to work. 



to again 
opposing nwg- 
ni'tie ilnx through the 
intUiiiiig coil and (Inis 
dii.iinish thelh>wofl>,>ih 
magnetism ami ek-elrii- 
ity. As lorijr iis Ih.- 
strenulh of ihe rnrivnt 
in the coil .1 is eoiLslanl, 
the lines nf f.ree eirrii- 
<:iTne position. ;uid there 
i.s otily while ehangii.f: 
eomiteruet these .■haiiges 
.' of (]>.' eurrent in <-oil .1 



is followed hy a rL-treat or a cuniplete vollajise of itti Ijii 



of 
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force ; and, as the latter now have to move across the con- 
ductor B in an opposite direction, the induced current will 
also have changed its direction to one corresponding with that 
of the inducing current. As a conseciuence of this, the induced 
current tends to start a magnetic flux in the same direction as 
that of the coil A^ striving to keej) up its How and prevent its 
decrease and stoppage. A is usually called a primary and C a 
secondary coil. 

65. fcJelf-Inductlon. — The phenomenon of self-induction 
may be considered as a case of nmtual induction. Let Fig. 40 
represent a combination of five conductors jirojecting through 
the paper ; when a current is sent through the ctmductor A in 
a downward direction, the lines of force a will circulate in a 
direction indicated by the arrows. As long as the current- 
strength remains constant no effect is noticeable in the con- 
ductors By but an increase in its strength will immediately be 




■'<©/' 

B 

FlO. K). 

foUowinl by a spn»ading of tbo lini^ of foriv into a ]H>sition ci,, 
and a culling of the laltor by iho oonduoti»r />. The result 
will lho!i bo tho iMvalii>n i»f olivli\>niotivo fi^noj! in the latter 
which will iiiud a lurronl iip\>ai\l>. and, iht ivfi^ri. in a direc- 
tion ivnliary to tliat of tI;o viirrciu in oop.»li;rii>r A A 8t«>i>- 
jvagv* of \\\v \\u\\w\\\ii I'nrvi'i'.t will oi ioi:v>o \h' tiu- oaust* of 
r\*vorsin^ thr ^'irri^uts in vx^iulr.v tor /* >' t" ..t ti-.i y r.nv will tlow 
in tbo siuir /:i:\st'.o:. .i> \\..\\ o! I K: .> v.^^w aiM'lv thi^io 
n^sulu< to an ox^'.ar.ir.o'.^. of >v*t ^r.v'.u. ; . .v ^'aviti^: all ihe 
v\>nviuv:oi> li^ vxm^;.m \n::V o-v ,r .^:; , . . f .:;^'Vt. i-^ roaliiv, 
v\n\sirUv't*,Vi: v^^u- ..r:.<' vx*:n;uv u^-. ^•.;•. .•; ^. \v ..'. <;:.,,!'.ir ones. 
KXij. 41 TX"pr:'Mr.t^» >r»v-h ,\ vx^v, ^v.Miv'v vV V ^ .-/M '.: :> at x»noe 
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seen that sending a current through A only will again be accom- 
panied liy results CJ>rresponding to those indicated in Fig. 40 ; 
but, in the present instance, wo have to imagine that the con- 
iuctoiB B also are carrying a current, and that all of the 
conductors are subjected to mutual induction. The effect will 
he that every conductor will tend to stop the current flow in 
the surrounding conductors. On the other hand, when the 
current is decreasing or stopping, all the returning lines of force 
of each conductor will have a tendency to maintain the current 
in its neighbors. It is not necessary that a conductor should be 
tuiide up ot several independent conductors in order to he 
under the influence of self-induction. On the contrary, we can 
imagine any solid conductor to be made up of numerous 
smaller ones, all influencing one another in the manner just 
described. We must therefore come to the following conclusions : 
TTmI any ciuiiliictor tenth to oppnse the pasmf/e of a current through 
it by aelting up an ekclromoHve /orce acting in oppo»it.h» to Oint of 
the current; and further, that after a current is flowing, the eon- 
tliiclor tenth «'*( nione lo prerenl ait inrreitnF, but alio u dtxreoie 
of same. This opposing E. M. F, is also called a counter- 
electromotive force. 



66. Extra Current. — A decrease or stoppage of the cur- 
rent is, as previously shown, accompanied by a vanishing ot the 
lines of force from the space surrounding the conductor; the lines 
of force belonging to the various parta ot the conductor will 
therefore tend to maintain the current and will prevent a sudden 
decrease or stoppage of the latter. These induction effects are 
called self-Induction; they are always present whenever a 
current begins to How in a circuit, also when its strength varies 
and when itstjjps. As soon as tlie circuit is closed, the current 
should at once attain its full strength; but it does not. Some 
little time is required, during which the magnetic flux around 
the conduclor is constantly increasing in strength. We have 
wen that the cause ot this is the setting up ot an electromotive 
force, called counlcr-electromotive force, because it is acting in 
opposition to the impressed electromotive force. Again, it is 
ooticed that when a circuit is suddenly broken, there appears a 
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minute spark jit the point of opening. This is because the self- 
induction of tlie circuit at tliis moment is very great, the lines 
of force closing up with great raj)idity, and therefore a high 
induced E. M. F. is generated in the same direction as the 
impressed E. M. F., thus causing a strong current to flow. 
This current is called an extra current. This extra current 
is always produced when the circuit is broken. In a straight 
conductor its effects are not so noticeable ; but if the conductor 
be formed into a coil, and provided with an iron core, then, 
on opening the circuit, there will be a brilliant spark, and a 
person holding the two ends of the wires between which the 
circuit is broken, may receive a slight shock, owing to the high 
E.M. F. of this self-induced or extra current. 

(>7. In the previous explanation of induction, the action of 
the lines of force has been gone into in some detail, as otherwise 
the phenomena could not very wxll be understood. Ordinarily, 
such a detailed examination will not be necessary, although it 
is well to be in possession of the means required for such 
investigations. When it comes to the action of a magnet 
entering a coil, or the mutual induction of two coils in prox- 
imity to each other, it is suilicient to remember the rule given 
in Art. (},l, that a conductor moving in a mjignetic field has a 
current circulating in it in such a direction that its mei^hanical 
action will tend to oppose its motion. It is necessary, how- 
ever, to be porfivtly sure of the dirot*tion in which the current 
cinnilatcs arountl a nt>rth and south pole, and in which direction 
the liut's of font' arr liowing in a magnet. 

It may 1h* well to give a few practical examples of the various 
means empUn'tnl for producing an intluced t'lectn>motive force, 
such as the »sN»}(f,NVi</«j/ »i//«*n*«ifi».\ the ifiductinn cnil^ and the 

TiiK *ii\rM>n>vi, vi.rrKNATou. 

(»S. Kloinontary l*rliu*lplo^. It iias b*vn oxplaineil 
how an K. M. F. is pvvsiiivrd in :\ vNM>duot»»r n^ning in a 
mairut^lic tioM :\nvl ni'«^ ^>.uo h^y civ^n for lii :• vriininix the 
dinntion in whivh ii.> K M. K will aot. ;lurv should, 
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therefore, be little difficulty in finding the direction of the 
E. M. F. produced in the elementary apparatus shown in the 
following pages. 

In Fig. 42 (a), let iV^ represent the north pole of a permanent 
magnet and 1 1 the lines of 
force emanating from the 
same in the direction indi- 
cated. The conductor C is 
moving downwards in front 
of the pole, thereby cutting 
the lines of force. From 
the rules given in Arts. 54 
and 55, it is seen that the 
E. M. F. produced in the 
conductor Owill act in the ( 
direction of the arrow a, 
thereby making the end p 
positive and n negative. As 
a means for producing an 
E. M. F., this arrangement 
would not be very suitable 
and some provisions should be made whereby the motion of 
the conductor C could be made continuous. An arrangement 
of this kind is indicated in Fig. 42 (6), where the conductor C 
has been bent into a form that will allow the ends p and n to 
revolve in the bearings B B, that support them, while the 
part C revolves along the path indicated by the circle A in the 
direction of the arrow c. In this manner, it will be possible by 

any suitable means to set the conduc- 
tor C in rapid rotation, the raj)idity of 
this rotation determining the strength 
of the E. M. F. produced, the latter 
acting in the direction of the arrow a. 
As the magnetic field in both of 
these examples is that of a bar magnet, 
it is not the one best suited for our pur- 
pose because the lines of force will be too much dispersed. 
To overcome this we have in Fig. 43 made use of a horseshoe 
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magnet, N and S representing the ends of one to which pole- 
pieces Vy V of soft iron have been attached ; the latter have their 
interior sides concave in order to conform with the path of the 
revolving conductor C, thereby submitting the latter to a mag- 
netic field of much greater intensity. 

When the conductor C revolves in the direction indicated by 
the arrow c, the E. M. F. produced will tend to act in the 
direction of arrow a and the end p will be positive, and n 
negative. The E. M. F. will continue to act in that direc- 
tioQ until the conductor C reaches its lower position and 
begins to act in an upward direction. Then it cuts ttie lines 

of force in the opposite direction 
and consequently the resulting 
E. M. F. will also change. We 
see, then, that for each half of a 
revolution the E. M. F. will be 
reversed in direction. While C 
rotates in the left side of the mag- 
netic field and moves upwards, 
J) will be positive; but when it 
moves downwards in the right 
half of the field, p will be nega- 
tive. So far the E. M. F. pro- 
duced has had no opportunity to 
start an electric current, because 
the conductor C does not consti- 
tute part of a closed circuit. By 
the arrangement shown in Fig. 44 (a), a closed circuit is pro- 
vided by placing two disks />, and ?i, at the ends j> and n. 
Against these disks press sjuings /», and //j^, which are connected 
with each other bv means of the conductor R, The E. M. F. 
acting on C will now start a current through this circuit in the 
direction of the arrows. Fig. 44 (/') indicates thu change in 
the conditions when (^ moves downwards. Tht' current is now 
flowing in the opposite direction. In either ease the arrows / 
indicate the lines of force procdniing from the north pole of 
the magnet. 

By means of Fig. 45 (<i) and (/>), a graphical representation 
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is given of the extent and direction of the E. M. F. in the 
various positions the conductor C may occupy with special 
reference to the E. M. F. the disk })^ may be in possession of. 
In Fig. 45 (a), the small circles C^, Cj, C,, C, indicate four main 
positions that C occupies during a complete revolution. In 
Fig. 45 (6), the values of the E. M. F.'s produced while i)assing 
through these positions are indicated. When C occupies the 
lowest position Q it cuts no lines of force, because running 





Fig. 45. 



parallel with them, and no E. M. F. is produced. In the curve, 
Fig. 45 (/>), L\ is therefore placed on the zero lines. When C 
passes through tlie position C^, it cuts the Hues of force at the 
maximum rate and will be in possession of a maximum E. M. F., 
which will be positive, as illustrated in Fig. 44 (a). The 
curve. Fig. 45 (6), shows (\ ;it tlie top of the curve and above 
the zero line, because positive. When the position C\ is reached, 
the conductor again cuts no lines of force and is in j)ossessit)n of 
a zero E. M. F. , and (.\ will also be on tlie zero line of the curve. 
When the conductor C passes to the right of the point C„ the 
E. M. F. changes direction and p^ [see Fig. 44 (/>)] will be 
negative. At C,, the conductor luis reached its maximun 
negative potential, as indicated at the point C\ of the curve. 
From here on, the K. M. F. again rises to the zero point C^ 
corresponding to the point at which tlie revolution began. 
From the descriptions given in Direct CanenU^ we see at once 
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that the curve represents an alternating E. M. F. ; whether 
this curve will be a true sine curve or not depends on the con- 
struction of the pole-pieces v, t?, Fig. 43. 

69, Action In a Rotating: Coil. — So far we have explained 
a most elementary apparatus, unsuited for practical purposes 
mainly because the E. M. F. produced will be very small. The 
reason for this is that only one conductor is cutting lines of 
force and' only one side of the magnetic field is used at a time. 
If we bend the condlictor into the shape indicated in Fig. 46, it 
will constitute a closed coil of rectangular form, and the increased 
number of convolutions will increase the number of conductors 
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simultaneously cutting lines of force with a corresponding 
increa^t' in tlu* K. M. F. producrd. 

An examination of Fig. 4G will show that while the con- 
ductoi's (\ eonslitutin^ one side oi the coil, moves upwards, the 
other side, nuule up of conductors i\, moves downward. They 
wilK therefore, cut the lines oi force in oj»posite directions, 
with the result that the K. M. F/s produced in the conductors 
will act in op|H>siie ilireetions. Vov instanee, the E. M. F.'s in 
the eonduotoi"s (\ Mik l<> mu*! a eunvnt lowanl the front, while 
the eondueliM-s ('. on the ioImMiv, sohvI v^iie to the rear. But 
on traeir.i: ihe paii: of llu- V M. V '> tl;!. luli ll.e various con- 
volutioi.s, N\e Ml il...i aT. tlu I\. M K '> uv : i'.\ ll.e >ame direc- 
tion with i\ fi ii '..vc \' \\\r v^»:'. i:-i'f ri.i- !\^i:lt is that, for 
this position v^f tiie Ov^T.. t:;o ie:r..ir.a; :;..-vkivl ; ni!'. he (K^itive 
and tlie let'.r.ii;/.' . ;'.eiia!i\e 
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In order to explain the increased E. M. F. resulting from the 
increased number of conductors, we will suppose that each of 
the conductors C^ has an E. M. F. produced in (hem, while 
passing in front of the pole S, amounting to y\^ volt; the same 
applies to the conductors C, while passing in front of pole N. 
If we now trace the path of the current through the various 
convolutions, beginning at terminal n^ we arrive first at the 
uppermost of the C, conductors, wherci the current receives its 
first electromotive impulse of ^^ volt; the current then pro- 
ceeds through the transverse part t over to the first of the C^ 
conductors, where it again receives an increase in pressure of 
j\ volt, and so forth. Each one of the conductors C, and C, 
increases the pressure of th(^ current to the amount of ^^^ volt, 
until the current finally reaches the terminal p with a j)ressure 
amounting to the sum of all the pressures given by the indi- 
vidual conductors. For instance, if the coil were made up of 
200 convolutions, the conductors C\ and C\ would each consti- 
tute' 200 separate conductors, in all 400, that would simul- 
taneously cut lines of magnetic force. The result would be that 
a total E. M. F. of 400 X A? <>r 40 volt.s would be j)ro(luced. 
When the conductors C\ have reached the position now occupied 
by (7„ they will have undergone a chauL^ii in the direction of the 
E. M. F. to which they are subjected, as it necessarily will be 
the same as that now acting on C\. Tlie same will take place 
in 6^ when coming in front of the pole ^S and the terminals 
p and n will change i)olarity, as already shown ))y means of 
Figs. 44 (a) and (/;). 

In order to shorten the air-gap between the ])ole-pieces N S, 
Figs. 43, 45 (n)^ and 4(>, it is customary to fill as much as 
possible of this space with iron, whereby a more intense field 
is provided for the conductors. The iron cylinder /, Fig. 47, 
not only serves this ])urpose but also that of sujijiorting the 
coil C; for this reason the cylinder or core / has grooves A', A' 
along which the coil is woiind. Tlu^ (M)re and coil together 
constitute an armaturo. A shaft 7/ l\ sui)porte(l in suitable 
bearings j)rovi(les a means for setting it in rotation. 

The terminals ;> and n are connected to the two rings p^ and 
n\ from whence the current may be led by means of the two 



54 



MAGNETISM AND ELECTROMAGNETISM. 



§2 



springs r' and r", Fig. 48, to any conductore that m;iy he attached 
to them. These rings p' and n'' are insulated as well from 
each other as from the shaft. In Fig. 48, which represents a 
complete sinusoidal alternator, M, M are the two permanent 




horseshfle magnets, the lower parts of which are surrounded 
by the box T, which conceals the pole-piecee and armature 
and contains the bearings h, b. Ji is a pulley by means of 
which the armature may be set in rotation, the power being 
supplied from any suitable source. 
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70. The Undu- 




-/ 




~i- 


lating Current.— In 
place of the sinusoidal 
allernating E. M. F. 
represented by means 
of Fig. 45 (ft), it is 
oflen of advantage to 
produce an E. M. F. 


rfu 




J5j that is unidirectional, 


"iln. •• 


■■ 


7j| hut still in pos-session 
mUI of a wavy character. 


^ ^'^ .- - . ^ (,-„j instance. i£ the 


nrpitivc wnve C„ C., 

(;. Fig, 4."> (/,), were 

turned up so a;; to nuiki' it pusitivo, we wnuld have a curve, 


n>prosonl.il in Fiji. ■(!". r. insist ins "f '"« Buccessivc positive 
wavos with tin- /oro ]»iiiils '',. <\. (',. 


Sonn' of 111.- iiuuhTii siniisiii.lal iippiinitiis :irp :»l>le to fumish 


this unidim 


tioita 




wa\'o 


curivnt ill the tnUowing manner: 
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Instead of the two rings shown in Fig. 47, two segments 5, 
and S^y Fig. 50, are used; each is provided with a tongue f, and t^, 
which overlap each other when in position on the shaft /?, 
Fig. 51 (a). These segments are also insulated from each other 
and from the shaft. The two segments are connected to their 




c» 



Fig. 49. 



respective terminals p and ?i, as shown in Fig. 51 (a), and four 
springs 1, 2, 3, 4 rest against the segments for the purj)ose of 
conducting the current away to the various circuits. In this 
arrangement, the springs 1 and 2 and those parts of the seg- 
ments against which they rest will perform the same function as 
the springs r^, r, with rings /j,, j)^ in Fig. 48. That is, S^ and S^ 
will successively change from positive to negative after each 
half- revolution. With the springs 3, 4 and the tongues <„ t^, 
the conditions are different. In the 
position indicated by Fig. 51 (a), S^ is 
positive and 5, negative, and as the 
spring 4 rests against /,, a continuation 
of 5j, it must also be positive and, 
similarly, 5 negative. In P"ig. 51 (h)^ 
S^ has changed into such a position 
that the grooves that separate the two 
segments are in line with the springs. 

This is better shown in Fig. 51 ((/), which represents a cross- 
section through the segments, and the springs 3, 4 resting on 
the insulating material that separates them. In this posi- 
tion, the coil occupies the position C; and C„ Fig. 45 (a), 
and has, therefore, no E. M. F. produced in it. This is also 
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the position where the segments S^y 5, change polarity and 
in whicli position the springs are not in contact with them. 
In Fig. 51 (c), the segments have changed places; S^ is now 
negative and S^ positive, but spring ^ is now resting on S^ 
and is positive as before,, while S^ is negative. In the cir- 
cuit P connected with the binding- posts 5, 4, we find that 
tlie current is constantly flowing in the same direction, but 
it is not constant. It has the wavy nature, represented by the 
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curve, Fig. 40, beciiuse tlir coil, twicf during each revolution, 
passt'8 through a ifi^ion wluTt* it cuts lu) lines of force and there- 
fore lias no K. M. F. produced. When tlicse segments jS„ 5, 
are so constrncU'd tlmt the sprintrs ./ and 4 receive a direct 
curri'Ut, tlu^v constitute a device called a <'c)mniiitatop, 
becuiuse tlit-v connnnte currents runninL' in dilTrrent directions 
into such that nni in the same direct ion. 

71. A Typl<*al Slmi-»<>i<l:il A Itcrimtor. — A a rule, 

these sinusoidal alternators am- «lri\tn l'\ a mmmI! direet-current 
motor, as soeu in Fii:. ;"»J. The >hatt of thi> motor is coupled 
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(lirrctly to that of the alti?rnalor and the Bpeed of the alternator 
may be changed hy changing that nt the motor. Tliis is effected 
by means of the rheostat to the left, which is connected with 
the direct- cur rent circuit. The current from the sinusoidal 
alternator is led to the two small binding-posts in front, which 
may be connected to the patient's circuit; the rheostat to the 
right regulates the current strength in the latter. The double 
lever Been in the center of the h.ise ia for the purpose of selecting 
either the sinusoidal or the unidirectional current. 

The full esplanations that have been given of the action of 
the lines of magnetic force on a conductor cutting through them 
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will greatly help the student to understand the action of a 
dynamo or motor when such apparatus is considered further on. 

72. The Kennelly Sinusoidal Alternator. — A peculiar 
form o( alternator is the ^imsniftal altemntor, constructed by 
A. E, Kennelly; it is intended to furnish sinusoidal alternating 
currents, and is shown in Fig. 63. Here A, A are spoola with 
two separale coils, an inner one with eight layers of fine wire 
and an outiT one with two layers of coarse wire. 

The inner coils are all connected in series and constitute the 
secondary coil, while the outer coila are connected in another 
series and form the primary coil nf the machine. The primary 
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coils are connected with the binding- posts P, P, from which 
they receive a continuous current. The posts 5, S receive the 
sinusoidal current furnished by the secondary coils, and deliver 
it from there by means of conducting-wdres to the desired 
points. B is the armature, which is provided with a pulley, 
by means of which it may be operated by a small motor. 
C, C are teeth projecting from the armature. Both the field- 
frame, cores, and armature are made up of laminated iron. 




FlQ. 53. 



If, now, the primary coils have a current circulating through 
them, they will maj^nctizo the cores of the spools -1, A. The 
magnetic lines of force thus produced remain stationary in 
the cores as long as the armature is stationary, but, as soon 
as the latter begins to rotate, the lines of force will shift from 
one side of the s|>o<^ls to the tether, and will cut the wires in 
the secondary coils first from c^ne and then from the other side. 
It is clear, from \\h:\[ has already hren said about induction, 
that an alternating K. M. F. must he j^rodnoed in the secondary 
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coi|p, aiifl tliat, by giving suilahle proportionB to the [irojeclionB ' 
on the armature mirtnce, the reeii I ting-current- waves may he 
made sinusoidal At the speed ot 4,800 revolulions per minute, 
the machine will deliver a current having 1,920 altemationB 
per second. 



THE IXTIITCTION-COIL. 

73. Action of nn Iiidnctlon-Coll. — Another apparatus 
that also producfB ahcrnating currents for therapeutic purpoaes 
is the Intluctlon-coll. For a certain period it played the 
leading part in electrotherapeuties, when it was used aa a cure- 
all. It was then small in size and altogether inefficient; at 
present it occupies a prominent position, hut for other reasons. 
It has now found its proper, though more limited sphere, and 
is able to fulfil its ftuictinna much more satisfactory, because its ■ 
effects are better understood and it is constructed on more 
scientific principlefl. 

The action of an induction-coil is based on the phenomena of 
mutual and self-induction, which have been fully explained. 
In an induction-coil, it is first a question of starting an electric 
current through a coil of relatively coarse wire, a primary 
ooll; then to suddenly interrupt, or stop, the current. By 
reason of its self-induction, the coil will then momentarily be 
traversed by a current of a much higher E. M. F. To produce 
this increase in E. M. F. is the first prime requisite. The next 
8t*p ie to find means tor a further incrciisc in this E. M. F. 
This ie accomplished tiy surrounding the primary coil by a 
coil made of fine wire, a secondary coll, containing numer- 
ous turns, the intention being to let the latter be acted nn 
inductively, and Iherelty produce an E. M. F. in it many times 
higher than thai M the original battery current. From a thera- 
peutic standpoint, the secondary coil is the more important of 
the two; but electrically considered, the primary coil forms the 
foundation of the whole apparatus and must be considered first. 

I^t Fig. 54 (n) he a diagrammatic view of a solenoid of 
numerous turns, showing its connections to n voltaic battery and 
to the electrodes held in the operator's hande. The fiolenoid P 
», by means of wireji g, g, attached to the electrodes £„ £■„ and 
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by wires «, c to battery B, A key K makes it possible to sud- 
denly close or open the circuit. On this key being depressed, 
the battery will send a current through the solenoid, but only 
to a small extent through the electrodes Ej, E^. This is because 
the resistance of the operator's body is so high, in comparison 
with the solenoid, that only a small current will flow through 
same and not of a strength sufficient to make itself felt. The 
arrows indicate the direction of the current. This current does 
not gain its full strength at once, because a counter E. M. F. is 
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started in opposition to the impressed E. M. F., opposing the 
sudden passage of a current through the solenoid. 

When the key is released, as shown in Fig. 54 (6), the cir- 
cuit is open and no current pa.^ses from the battery. But the 
lines of magnetic force with which the solenoid was surrounded 
will suddenly collapse and induce a strong E. M. F. inthesolen- 
oid. This E. M. F. is now tending to act in the same direction 
as the battery current and to maintain the latter. But as com- 
munieation with the battery is prevented by the open key /IT, it 
will follow the only path left, that through the ckH^trodes E^yE^ 
and the operator will now feel a distinct sluxk, that of the 
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extra eurrml, previuualy described. The reason tor this is tliat 

the exiBting lines of force contract with great rapidity, because 

no counter E. M. F. is interferiii|j:; and as the induced E. M. F. 

rieee in value in proportion to tlie rapidity with which the 

lines cloee in, it follows that tlie E. M. F. now produced will 

be greatly in exceee over that of the battery current. It will be 

noticed, in Fig. 54 (6), tliat though this E. M. F. acts through 

the solenoid in the anme direction aa that of the battery current, 

itB direction through the conductors g, g and electrodes E^, E, 

is in a direction opposite to that indicated in Fig, 54 (a). 

74. Eddy Currents. — As we have shown that it is not 

only a (juestion of the rnpidity with which the lines of force 

contract when the circuit is broken, but also of the quantity of 

. ^ C ^ . 

^ / & ^ 

*^ f^fi\\ f^fr\ f^f/\\ f^f/\\ f^fn\ \-^ 
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the active lines, it is dear that any means that will materially 
increase their number will be of value. Aa iron offers a better 
path for the lines of force than air, the interior of the solenoid, 
or coil, is always filled with a ci>re of iron. This decreases tlie 
reaistance of the magnetic circuit and thereby indirectly increases 
the magnetic llux through the coil. 

Unless this core is jiroperly subdivided, the advantages 
gained by its introduction will l»e entirely lost. It matters 
little whether or not this iron core consists of a solid rod of Iron 
80 long as the current that is (lowing through the coil does not 
change its direction. But if the current is interrupted, or 
alternating, the cose is different; then provisions must be made 
to prevent ihe starting of Foucault's or edily curreuts in 
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the core. This will be better understood by means of Fig. 55. 
A is the spool on which the coil C is wound. They are both 
shown in a cross-sectional view, the front half being removed. 
In the interior are placed small iron rings B. If, now, a cur- 
rent is flowing through the coil in the direction of the arrow a, 
lines of magnetic force will be flowing through and along the 
coil in the direction of the arrows b^ and 6,; though only two of 
these lines are shown to pass through the iron rings i?, i?, we 
must suppose that these rings are filled with such lines. 

75. Production of Eddy Currents. — As long as the 
current in the coil C is flowing uniformly, no effects are pro- 
duced in the core rings B\ but when the current is reduced in 
strength or stopped altogether, the lines of force will contract and 
the lines b^ cut across the rings /?, B in order to return to the 
coil, and consequently produce an E. M. F. in the rings that will 
act in the direction of the arrows a,. These E. M. F.'s a and a, 
act in the same direction. 

The E. M. F. in each of the rings B will start a current that 
will flow in the direction of the coil current. The cross-sectional 
area of the rings being large and their length small, their resist- 
ance will be i)ractically nothing, and it will require a very 
small E. M. F. to set a heavy current flowing through them. 

7(>. When a current begins to flow through the coil C, or 
an existing current is increased in strength, the lines 6, and 6, 
will expand inwardly thn)Ugh the rings B and cut across them 
from a direction opposite to the former. An E. M. F. will then 
be produced in the rings B acting in a direction contrary to that 
in the coil. In the latter case, the E. M. F. produced in the 
ring will not be as great as when the current was interrupted, 
because the increase in current-strength is at a much lower rate 
than its decrease when the circuit is broken. 

These currents that are set flowing in the rings B, B are 
termed Fdurimlt't^ or (•/</// cmrents and their effects are twofold. 
On starting a current tlnouj;li coil (\ currents will liow through 
the rings in a direclion opposite to that in the coil. The 
magnetic lieUl of the rings will, tlu'refore. also be of opposite 
polarity to that of the Ci>il. For in>tance, if the end of the 
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coil marked S is a south pole, the right side of tlie rings 
niBrked n, will be north poles. They will, therefore, tend to 
counteract and diminish the field of the coil, thus delaying the 
increase in current-atrt-ngth. When the current is stopped, 
the currents in the rings will flow in the same direction as the 
coil current, and the magnetic fields of the rings will, theretnrp, 
also he in the same direction as that of the coil and will 
tend to maintain ita magnetic field and delay the retreating 
tines of forre. 

Another disadvantage of the eddy currents is their heating 
effects. This is an important point, as the temperature that 
these cuiTenta produce will not only heat the core through 
which they flow, but also the surrounding coil. It will therehy 
increase its resistance and it may also, in some cases, heat the 
coil sufficiently to endanger its insulation, 

When a core is made of a solid iron rod, we may imagine the 
same to consist of numerous small rings and that each of these 
rings is subjected to local E. M. F. 's. Electric currents will 
therefore flow along the whole length of the core in directions 
pnrallel with the coil current. We can see that in this instance 
the result will be even worse than with the separate rings, 
because the cross-sectional area is so much the larger. 

77. Prevention of Eddy Currents. — To prevent these 
eddy currents, the same means are used as are adopted when 
the current through any electric circuit is to cease — that is, to 
break the continuity of the circuit. This is obtained by sub- 
dividing the larger rod into a greatnumber of Euialler ones, by 
making the rod of a collection of thin wires all of the same 
length. These rods are insulated from one another by a coat- 
ing of varnish or ai'e left bare, simply relying on the resistance 
of their oxidized surfaces and that of the intervening air to 
prevent tlie circulation of eddy currents. It is seen that, by 
this arningpment, the lines of force emanating from the coil 
have a jwrtectiy free path to pass longitudinally from one end 
of the core to the other, while the transverse path along which 
the eddy currents would he inclined to flow, ia cut up in 
minute sections. 
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78. The Sprlnft Interrupter. — We have seen that the 
increased E. M. F. that produces the extra ciirront ib active 
only when the current through the prioiary coil is stopped. If 
it is desirahle to produce a series of tlieae high electromotive 
impulses, it is consequently necessary to successively start and 
stop the current through the primary coil or to constantly 
reverse the current, that is, use an alternating current Let ua 
here consider the first of these methods. 

In Fig. 56,CrepresentsaniToncoreinadcupof a bundle of fine 
iron wires and P a primary coil consisting of numerous turns of 
insulated copper wire. Tlie operation of the primary coil is as 
follows: The battery B sends a current through the post E and 
screw K to the contact D on spring F and then tlirough the 
latter to coil P. The current circulating through the coil is 




again the means that will produce a mnpnetic flux through the 
core (', making a magnet of the latter with a south pole to 
the loft. When the attraction hotiveen the magnet and the iron 
disk, or armature, // on ppring h' is fircat enough to cause a 
motion of thf latter, it Mill henil away fmm tlic screw K, 
thereby breaking rontiift hetweon it and the platinimi contact D 
on the pprinp. At this moment connection between the 
Iwjttery and coil is broken :iiiil the latter will he the site of an 
extra current, us jilready descriUHi. When thi.-* ceases, the 
core Cwill lose its ni;i unci ism :u\d will he unable lo any longer 
attraet the armuture //. \sWk\\ will move to the left and 
thereby H(;ain estuMish y.mx-.wx l.etneeti /) and A". A current 
will apain tlow llir.itit;b the enil C. wliieb will magnetise the 
core and atlniet the aruiatuie //, when the circuit will be brokoi 
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and the whole procedure repeated as before; the spring F will, 
therefore, be a means for automatically sending unidirectional, 
interrupted currents through the coil P. The combination 
of the spring F with contact screw K is termed a spring: 
Interrupter. 

79. Breaking Contact. — If, at breaking contact, the coil 
shall develop a high E. M. F., it is evident that the interruption 
of the current must be accomplished with great suddenness. 
It would seem tliat the spring interrupter would be able to 
fulfil these conditions, but this is not quite so. There are 
certain drawbacks connected with this combination that must 
be eliminated. It is found that, at the moment the spring 
breaks contact, the resulting extra current is of an E. M. F. 
high enough to enable it to cross the intervening air-gap by 
means of a spark. This spark heats the air and breaks down 
the resistance of the gap, making it possible for a current to 
pass across even after the contact is broken. The result is that 
instead of the current being suddenly interrupted, it is only 
gradually decreasing; hence, it is unable to produce the high 
E. M. F. desired. It is, therefore, necessary to seek means 
whereby to prevent the sparking at contact Z>, which is found 
in an appliance called a condenser. 

80. Function of an Alr-Clianiber. — A condenser has 
very much the same function as an air-chamber when inserted 
in a long pipe through which water is quickly flowing. It is 
well known that when the flow of water through a pipe is sud- 
denly stopped, as, for instance, by the closing of a valve, the 
inertia of the water tends to maintain tlie flow and to bodily 
carry the pipe along in the same direction in which the water 
was flowing. That this longitudinal pull of the pipe must 
seriously strain its joints and connections, and that, therefore, 
a frequent starting and stopping of the flow must eventually 
cause a break somewhere in the pipe, can easily be seen. 

To. prevent this, long pipes are usually provided with what 
is called an air-chamber ^ as shown at r/, Fig. 57. In this figure 
Tia a tank which supplies the pipe a with water. If now the 
valve 6 is shut quickly, the water will tend to continue ita 
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motion and carry the pipe along in the direction of the arrow, 
and thuB cause Boniewhat of a etress in the former. The 
function of the air-chamber is to prevent the-eudden stoppage 
of the water, by giving it an opportunity of entering the cham- 
ber d through the pipe c. The air wliich is contained in the 
upper part of the chamber will then be more and more com- 
preBsed by the water, thus acting somewhat like a spring, in 




making the water give up its energy slowly and perform a cer- 
tain work of compression over a more or less extended period, 
Instead of a sudden blow. 

81. Hydraullf Analogy of a Condenser. — In Fig, 68, 
the air-chamber has been replaced by a cylinder R with 
piston e, which is kept in a middle position by (he two compres- 
ijiun springs «, b. In place of the tank we have here a rotary 
pump, Ji as described in Direct Current. When the latter is set 
in rotation, it will send a current of water through the tube I^ 
into the coil P and back again through tube L^. The valve F 
n-guhitcs Die current- strength and two branch tubes a, and &, 
eKtablish I'lunniunication between the tube A, and cylinder R, 
whereby pititon c will be made to move either to the right or 
li'tt, dypendiiig on which side a surplus pressure exists. 

Su]i|i<>;-e iiuw that llie valve /-'is wide open and that the water 
is set flowing Ihniii^h tlit: oil I', and ihen the valve suddenly 
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shut The water in the coil will seek to continue its motion 
and thereby tend to create a vacuum at the valve /^ and pistons. 
The latter will, therefore, have an excess of pressure on the left 
and will be compelled to move toward the right and compress 
spring b. The energy of the moving water column is now 
momentarily transformed into compression of the spring 6. 

As soon as the current comes to a standstill, the spring will 
at once seek to expend the energy delivered to it by again push- 
ing the piston e to the left. The water in the coil P is obliged 
to follow and the latter will momentarily be traversed by a 
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reversed current. This reverse current will also take place in the 
tube L„ motor B^ and tube L^. Tf the valve F is opened before 
the reverse current has ceased, the current through L, will, in 
starting its flow, have to overcome this reverse current. 

82. Construction of Condenser. — The action of a con- 
denser is almost exactly the same as that of the cylinder R 
in Fig. 58. It will not be necessary to here enter into a 
detailed description of the condenser, as this will be done fully 
in Electrostatics^ where **Leyden Jars'' are described. It will 
be enough to say that a condenser may be considered Jis a short 
conductor with a very large surface, employed for storing up 
electrostatic charges. If used for induction-coils, it consists of 
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a number of sheets of tin-foil a and b, Fig. 59 (a), between which 
are inserted sheets of paraffined paper c, c. Each sheet a has a 
tongue of tin-foil a, on the left and sheets b corresponding 
tongues 6i on the right side. All tongues belonging to sheets 
marked a are joined together and connected to a wire a,, as 
shown in Fig. 69 (6), and the sheets b are similarly connected 
to the wire &,. The sheets a are thus united to each other, but 
insulated from the sheets b. It is therefore possible, for 
instance, to have a positive charge on the sheets a and an 
eqiial n^ative charge on the sheets b, without the two 
charges being able to unite, though they will have a mutual 
inductive influence on each other. In la* ge coils, the amount of 
tin-foil used for condensers may amount to over 300 square feet 
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i 



-X 



83. €k>ndenser and Inductlon-Coll Combined. — Let 

US now combine a condenser, as described, with an induction- 
coil of the form shown in 
^ ^ - ^^^ Fig. 66. This has been 

done in Fig. 60, in which R 
is the condenser, connected 
by wires a, and 6, with the 
post E and spring F^ re- 
spectively. The other parts 
are lettered in the same 
manner as in Fig. 66 and 
need no additional descrip- 
tion. 
As soon as the current 
begins to tiow tlirough the screw K and contact D into the 
coil 7\ the core will be niagiu'tized and attract the armature H, 
The circuit thus being broken at /), the lines of force close in 
around the eoil /* and tend to set an extra current flowing. 
In Fig. b^, the current was al>le by means <>f its high 
E. M. F. to bridge acri)ss the air-gap at /> by means of a 
spark. In the present instance, the rurrent is otTered a path of 
much less resistance by going into the condenser. The result 
will be that the current, as if possessing inertia, will continue 
its motitm and th>\v through eon«luctor /.,. battery />, conductors 



§2 



MAGNETISM AND ELKCTROMAGNRTISM. 



C,'.) 



L, and a^ into the leaves a of the conflenser. Simultaneously, 
Ihe other end of the coil has sMiughl to withdrawelectric charge? 
from the leaves h ol the condenser through the conductor 6,. 
The leaves n will be positive and b negative. As soon as the 
energy of the current has been taken up by the condenser, the 
latter will at once seek to discharge itself by sending a current 
through the coil in the reverse direction. The positively charged 
leaves a will send a current through the battery and conductor Z, 




into the coil from tlie latter through conductor h, into the 
negatively charged htaves b. 

The main purpose sought by introducing the condenser in the 
circuit, was to present an open path for the extra current, 
whereby sparking at the spring contact might he prevented. 
The result would be that the extra current would cease abruptly 
uid thus attain a much higher E M. F. We see that the con- 
denser not only provides this path, but does more. It furnishes 
s reveree current and thereby still more effectively demagnetises 
the coil core. 

When the rate of interruption is such that the spring f will 
make contact before this reverse current has ceased, the battery 
will momentarily be compelled to work in opposition to this 
current. The efTect will be that the closing current will be still 
further weakened and the extra current made mure prominent 
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84. Curve of Self-induction. — It is apparent that the 
self-induction of the primary coil plays quite an important part 
in varying the E. M. F. of the primary current, by reducing it 
when the current begins to flow and augmenting it when 
interrupted. Fig. 61 (a) may represent the induced E. M. F. 
in a primary coil, when XX is the zero-line, and the cur^'e8 
above and below the line represent, respectively, positive and 
negative potentials. The cun^ed line LMNO shows that the 
counter E. M. F. of self-induction is at its maximum strength at 
the moment when the circuit is closed, that is, at L M, and that 
it gradually decreases while the current is gaining strength, and 
the spreading lines of force are reaching their final positions, 
until it reaches NOy where it suddenly goes to zero. The 
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Fig. 61. 



current is interrupted at this point, and the E. M. F. of self- 
induction instantly rises to a high positive potential at OP, 
caused by the sudden collnpse of the lines of force, whence it falls 
back just as suddenly as it rose, and finally dies away at Q, To 
illustrate the difTenMice between these electromotive forces, we 
may consider the cDunter K. M. F. at L M to be 1 volt and dur- 
ing -^\^ part of a second to be falling to zero, while PO may 
be volts and be reduced to zero in tbi* ^,/,i„ part of a second. 
It should be understood that this (»urve does Dot represent the 
cumiit in the primary eoil, but tin* K. M. V. of self-induction, 
which may or may not assist tlu* impressed K. M. P., as will be 
shown more fullv further on. 
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85. The Secondary Coll, — Su far we liuve only coueid- 
crt-J the primary coil in combinatiou with aii iron core. We 
will now go a step further ajid place a aecondary coil outside 
the primary and investigate how this secondary coil is aETected 
inductively I j the primary coil and its tort 

In F g ti2 & repreoents a fa Urj il wound on the out- 
side of the primary o / [ j rted by a epool 
of inBulating mat r c re C in its 




interior. A switih \V connects the iwst E with the terminal 
P„ and the terininaia /", and P, are joined to the battery B by 
means of wires /., and /.,. The terminals S^ and S, of tlie 
eecondary coil are not tor the present connected with each 
other ; the secondary coil is therefore open. 

86. Ftinctlon of Secoudnry Coll. — Urtder these con- 
ditions the secondary coil may be considered simply as an 
addition to the primary coil, without being diret^tly connected 
with it ; tliat is to say, it is subjected to the iwluclmi of the 
make-current, but does not itself conduct any current. When, 
therefore, a current begins to flow in the primary coil and the 
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magnetic flux begins to spread, an E. M. F., similar to that 
shown by the curve L M N in Fig. 61 (a) is created in 
the secondary coil ; but with this great difiference, that while 
the E. M. F. in the one instance is in opposition to that of the 
primary current, and therefore powerless to do more than 
diminish it, in the present case it has no opposition, and is 
therefore able to utilize its full pressure in sending a current 
through the secondary coil, if its circuit is closed. It is well to 
emphasize this difference still more by saying that, while the 
make-current is flowing, there existe in the primary coil an 
increasing jMsiiive E. M. F., and in the secondary codl an increas- 
ing negative E. M. F. This relation between the E. M. F. 
continues until the current is interrupted at the point OP, 
Fig. 61 (a). Then the conditions in both coils are the same, 
because neither of them is connected with the primary battery. 
The closing in of the magnetic flux has, therefore, the same 
effect on both coils, that is, it creates in each a positive E. M. F. 
of the form shown at OPQ, Fig. 61 (a). In the primary coil, 
this means a continuation of the impressed E. M. F., but of a 
greater magnitude, while in the secondary coil it means an 
E. M. F. in opj)osite direction to that in the latter existing 
E. M. F. We may conclude from this that, with an open 
secondary circuit, both coils are subjected to the same inductive 
influences, but with different results, so that, while the E. M. F. 
in the j)riniary coil is of a direct and intermittent nature, in the 
secondary coil it is alternating. In both cases the waves are 
dissymmetrical, because the waves produced at breaking-contact 
are of a greater magnitude. 

87. E. M. F. of Secondary and Primary Coil. — If, as 

is supposed, the coils are subjected to tlu* siinie inductive 
influences, the induced E. M. F. should hv {\w same, provided 
that both coils contain the same nunibrr of turns. Ordinarilv 
the secondary coil consists of many more turns than the 
})riniary, and tlu' sanu' luairnrtic Ilux would therefore produce 
a higher E. M. K. in i\w scioiularv coil, the increase l)eing 
directly proportional t«> ihc added nunil»cr of turns. It is easy 
to see why xh\> must lu* so. Take, for instance, a piece of wire 
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4 inches Imig, anil let 100 linen of force move across it, producing 
a certain E. M. F. in the wire. If now a wire 400 inches long 
is 80 arranged or wound that the space it occupies is not more 
than 4 inches in length, the whole wire will be simultaneously 
cut liy the 100 lines of force ; that is, every 4 inches of the wire 
will have the same E. M. F. produced in it as the original short 
piece. The long wire will therefore have an E. M. F. 100 times 
larger than the small wire. Thus the primary coil may, for 
instance, consist of 80 turns, while the secondary may contain 
4,000 turns ; hence, the E. M. F. in the secondary coil should 
be 50 times as great as that in the primary. Fig. 61 (a) 
might represent these electromotive forces in the secondary 
coil if the vertical lines LM, NO, and OP were made 50 
times as long, and the curved parts connecting them' drawn 
parallel to AfN &nd PQ. If LM and OP, respectively, rep- 
resent 1 and 6 volts, then the corresponding values for the 
longer secondary coil would be, respectively, 50 and 300 volta. 



88. Efffe-ct of Secondarj- on Prlmarj- Coll. — So tar the 

secondary coil has had no effect on Uie primary a>il, because 
no current has pftsaud through the former ; but let the ter- 
minals S, and S,, Fig, 62, be connected to some external circuit, 
Uien the conditions will be materially altered. The high E. M. F. 
generated in the secondary coil has now an opportunity of 
starting a current ; but in doing so, it will immediately create 
a M. M. F. which will not alone send a magnetic flux through 
the secondary, but also through the primary coil. It will set 
up a counter E. M. F. in the secondary in opposition to that of 
the secondary current, while, in the iron core, it will set up a 
magnetic flux in opposition to that produced by the primary 
current. 

That the current in the secondary coil should have this 
obstructing effect on the flow of the primary current ought not 
to come entirely unexpected, as it must derive it* E. M. F. from 
some source. It ia therefore evident that the energy displayed 
in the si-cotidary coil is taken from the primary current after 
eontact is made, The extent of these reactions, due to the 
secondary coil, depends upon the strength of the current flowing 
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in the latter, which is again controlled by the resistance of 
the coil and the external circuit, and hy the self-induction of 
the coil. 

89. Recluctioii of Voltage In Secondary. — We saw 

above that the E. M. F. in the secondary coil at breaking might 
be 300 volts, when no current was flowing ; but this voltage 
suffers a very great reduction when a current is permitted to 
circulate. On the insertion of a comparatively low resistance, 
the potential difference at the secondary terminals may be only 
two or three volts. Even with a resistance of 1,000 ohms, the 
E. M. F. would be very low, ordinarily from 10 to 15 volts, as 
long as we deal with small coils ; with large coils these values 
are of course much greater. This is caused partly by the 
reaction of the secondary current on the primary circuit, but 
principally ])y the self-induction in the secondary circuit itself. 
At the time when the induced E. M. F. is at its maximum, and 
when a heavy current might flow, it is most effectually stopped 
by the powerful choking action of the coil, which does not 
permit a sudden rise or a sudden fall of pressure. In addition 
to these inductive reactions, the E. M. F. will also suffer a great 
reduction by the resistance of the very long, thin wire of the 
secondary coil. The secondary current, therefore, after it has 
been subjt^cted to all these iniluences, emerges not only in a 
verv much enfeebled condition, but the character of its waves 
h.as also undergone a groat change ; the rough edges have, so to 
speak, been cut away. 

J)0« In their present form they may appear as the waves 
shown in Fig. 03, in whith the changes are seen to be less 




Fig. tKv 



abrupt. IKre wo obsorvo tliat, wlien tlio sprinir makes contact 
at })oiiit X, tlie ]>ns>nro boirins to inmaso L'radually, but is not 
ponnitto'l t«> na* h its nuixinuun vahio l»oforo the contact at M 
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is brokeji. The E, AI. F. is now suddenly revfrscil and rises to 
its full value at j\', whence it slowly desfends until point is 
again reached, contact made, and the cycle repeated. A second- 
ary coil niaile of long, thin wire, by reason of it« high 
self-induction, has a soothing effect, but even then we may 
see that the wave is always steeper on breaking contact ; in /act, 
U ia imjMitsibU to vmke the tcaves of Ihe induced E. M. F. of a 
gtpnmHrical farm. Should it be desirable to have the waves 
act more abruptly, the number of turns in the secondary circuit 
should be reduced, thereby reducing its self-induction and 
resistance. In addition to this, Ihe number of inlerruptions 
per second should be lessened, giring the current time to reach 
its full strength, 

9i. E. M. F. Curve of the Battery-Cti rrent. — As 

Figs. 61 (a) and 63 give the curves ,uf ihc induced E. M. F, 
only, it may be well also Ut show the E. M. F. curve of the 
battery-current after it bus b( en affected by the counter E. M, F. 
of self-induction in the primary coil. I^t the line A S in 
Fig. 61 {!•) represent the available E. M. F. of the battery, and 
the doited line LM \0 the counter E. M. F. arising on making 
contact. If the primary coil had i>eeu devoid of this self- 
induction, the line A B would show the E. M. F. of the primary 
coil ; but as the E. M. F. is acting in opposition, the latter must 
be deducted from the former, and the E. M, F. of /, CD remiuns, 
ivhich, in addition to the curve DPQ ot the extra current, gives 
the whole active E. M. F, of the primary coil, it the secondary 
circuit is open. On closing the lallcr, the primary E. M. F. is 
affected more or leas, dejicnding on the inductive influence of 
the secondary coil. 

02. f »e of the Primary Current In Medicine. — The 
primary current is employed in medical treatment when the 
resistance is low and a larger volume of current than the second- 
ary coil can furnish is required. To show how a resistance 
affects these di.ssimilar coils, let us suppose that the E. M. F. of 
the primary coil is .'> volts and its resistance 1 ohm, while the 
E. M. F. ot the secondary col! is 100 volts and resistance l,fflK) 
ohms. If the currents ot these coils are sent through a 
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galvanometer of 4 ohms resifitance, we liave, accordiiifif to Ohm's 

E 5 

law, in the first coil a current of : -=-—-- = 1 amT>ere : 

Ji 1 + 4 ^ ' 

100 
and in the secondary coil, ru^rj i ~7 = .01)00 ampere. On 

increasing the resistance of the galvanometer to 60 ohms, the 

current in the primary coil is ^ v>rj ~ .008 ampere, and in 

100 
the secondary coil, ^ rihn ka = .0052 ampere, that is, the 

current* in the two coils are very nearly the same. But let the 
resistance he increased to that of the human ])odv, or alxiut 
2,000 ohms, then the difference will he most marked. In the 

primary coil the current will now be . r~onfv\ ^^ .0025 ampere, 

100 
while that in the secondary is, ^~r^?z7\ "?"?vin "^ -033 ampere. 

^,UUU -j- 1,UUU 

In the latter instance the current in the secondary coil is more 
than 13 times the strength of that in the primary coil. It is 
therefore clear that, in order to apply percutaneously the ** extra 
current" o{ the primary coil, the electrodes must be large and 
the skin well moistened to diminish external resistance. 

In speaking of voltage and strength of this induced current, 
it is well to call attention to some points that are often mis- 
understood. It has, for instance, been claimeil that a smaller 
quantity of electricity comes out of the primary coil than goes 
into it. We know from previous explanations that this is 
innx)S8ible ; that, in fact, whatever quantity of electricity enters 
the coil will leave it again undiminished. This idea very likely 
has been based on tlie well-known fact that the current that 
enters the ]»iiniary oil is snialUr than it ought to Ix*, if it 
simply d«.}i»ij«l»(l (»n tht- rrsi>t:uioo t»f tht* coil and the available 
E. M. K. of the balttry. lUit it was ^h«nvn in Art. 84 ihat 
the n.-as«'ii f«>r this rt-'iiurd >tivr.i:th was {o i.^ I'our.d in the self- 
induotioi: of thi* i-riiv.iirv «..':!. 

9o. KffV'i»t< of a l>l<svmini*trlral Altt»rnatinir Ciir- 
ront. — T)u K M. F. ii^ Fi^:. ^o '- :r:v vi^.-::::^ ; l.\:: iiotwiih- 
siandini: \h\>. its i':iy>io*.oi;;o;r: i-:Tt\:s :i..\y i-o ii-.;\t of an 
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uiiidirucliijiial curreut. The " break-currenl " ia uitiuy times 
stroager tliuii tlie "make-current." Tliis breuk-current is the < 
Diily orio that acts on tlie tissues or orgjins ; tlie dissymmetrical 
alt(.-nia,ting current may, theretore, be said to be uniilireclionaL 
To understand this belter, let us use as an illuBlration an 
air-punii), as shown in Fig. 64, in which -4 ia a cyUnder and B 
a piston moving from one end oE the cylinder to the other. 
D and C are pipes con- 
nected with the ends of tlie 
cylinder, and li a vane sus- 
jicndcd in the manner of a 
pendulum. If, now, the 
]iiston should begin a recip- 
rocating motion with the 
sauje speed in huth direc- 
tions, it would produce 
effects similar to those of 
an altt-rnating E. M. F. The 
r would escaiM) alternately 
from tlie pipes C and D 
"" '^' and blow against the vane, 

causing the latter to oscillate from side to eide. This would 
correspond to the action uf symmelrical alternating currenta, 
when the effect of either terminal would be the same. 

But Bup]K>se the ]iiKton to move witli speeds corresponding 
to those iiidieated by the lengths of the arrows a and b. We 
way then imagine the piston sjieed towards the left to be so 
slow that the current of air eseaping from D could barely be 
perceived, and tliat its inliuence on the vane would be negli- 
gible, while the air patudug from would be ejected with a high 
speed, forcing the vane strongly to the left. Considering the 
vane simply an a pressure-indicator, we would come to the con- 
clusion that the air-pump produces a pressure on only one side 
of the piston, and that of an intermittent nature. Let the vane 
be now removed and a rubber tulw slipped over the piiiee C 
and D, transforming the whole into one continuous pipe in 
which, at some convenient point, a current-meter has been 
inserted. When the piston begins its uneven motion, the 
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meter makes no distinction between the pressure on one side or 
the other. It merely indicates that so many cubic feet of air 
pass at each stroke of the piston, irrespective of its pressure. 
Judging from these indications, we should say an alternating 
current was passing and that the effects were the same in either 
direction. 

94. EflTects of Induction-Currents. — The same con- 
ditions determine the effects of the induction-current on the 
human body. It requires a certain pressure of the current to 
excite the muscles ; to a pressure below this the muscles do not 
respond. When, therefore, an alternating current is flowing 
from a secondary coil, the effect on the muscles will be the 
same as that of the air-current on the vane. Though the 
current in reality is alternately flowing in both directions, 
physiologically it is unidirectional, and it will therefore make a 
difference which of the electrodes is placed on the muscle. On 
the other hand, when it comes to tkose effects where it is 
simply a question of current-volume, it is immaterial how the 
coil is connected with the body, as the same volume of elec- 
tricity passes through either electrode. The case is then similar 
to the air-pump with both pipes connected by the rubber tube. 

95. Kffects of Clmngringr the Number of Turns In 
Secondary Coll. — It must be remembered that by changing 
the number of turns in the secondary coil, the voltage and 
amperage will l>e changed according to certain flxetl laws. For 
instance, by increasing the diameter of the wire and reducing 
the number of turns, the induced E. M. F. is necessarily 
reduced, while the amperage is incrcastnl. Other conditions 
remaining the same, the ])roduct of the two should be a constant. 
Therefore, a reduction of the wire diameter with an increased 
number of turn^ should neccssarilv bo followed bv a reduced 
amperage and an increased K. M. F. That this product is not a 
constant is causotl by tlie self-induction of the coil ; but, never- 
theless, the tendency is in that direction, and when it is claimed, 
as it has been, that the lenirth of the eoil is immaterial, it is 
well to remember tiiese facts as a general Lruide In the right use 
of the coil. 
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96. Variation of Electromotive Force In an Imliie- 
tlon-ColL — For therapeutic uses, it is important that the 
active part of tiie secomlary coil is variable, so as to create a high 
or a low E. M. F. and to vary the strength of the current. It is 
alao of advantage to be able to use the primary coil alone, or 
in conjunction with the secondary coil, as a curative agent. 
Fig. 65 shows the primary coil connected in such a manner that 
its induced extra current may Ije sent through the human body. 
/" and I"' are, as before, the teniiinals of the primary coil, 
while P" is connected with the vibrating spring and also with 
one end of the primarj- coil. If, now, /"' and i*"' are provided 
with conducting-cords and electrodes and the latter held in the 




hands, a "lirttinct shuclt will iic fi*lt when the spring bre.'iks con- 
tact, beciiUHo the human body is the only path left open by 
which the current may pass. On making contact no sensation 
will be felt, since in that case the voltage is very low, in 
fat^t, below the E. M. F. of the cells, as previously shown in 
Fig.eU//). 

97. Another combination, in which Ibc primary coil may 
be used singly or in conjunction with the seoondnry coil, is that 
shown in Fig. 66. Here the end p, of the primary coil and the 
heB'""ii'g *i of the .secondary coil, are joined to the spring of 
the con tact- device F. The beginning ;(, o( the primary coil is 
connected to the switch W and the latter eventually Ui the 
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terminal P,. The end s, of the secondarj' coil is connectoi to 
the terminal S,. Between the terminals P, and S, wc have now 
the E. M. F. of the primary coil, and l)etween .*>, and S, the 
E. M. F. of t)ie secondary coil alone. Finally, between the 
terminals P, and S, we have the combined E. M. F. of both 
coils. The contact-device F connects the end of p, of the 
primary coil with the beginning s, of the secondary coil, making 
one coil of both. It will therefore be necessary to use P„ 
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which connects with the beginning ji, of the primary coil, and 
the teniiiniil ^, of the sc-comlary <!oil, ti> biive Imth coils wn- 
nectetl as one. 

98. K. M. F. Genemto<l l>y the Se<'oinli»ry Coll. — It 
has been sbowii that the E. M. K. Rfneratoi! by the secondary 
coil rie[K'n(ls njion tbo strcnjitb of the nisignelic liild and on the 
number of turns in thi-coil ; likewise on lbosi>eeil wiih which the 
magnetic flux tills and empties tliese hirns, and on ibe nnml>er 
of intorniptitms jmt swcimi. The stifngth nt (he magnetic 
fielilin the first plai-ocii-[.,.nils on (lie numliernf eells connected 
with tho primary c<iil iiml Ibe nnmber nf Hirns in the latter. 
With the primary ci.il iiml llie niaL'iietic lliix in siinie con- 
sidered as a c.mstant, tbe K. M. K. of the scci-niiary enil may lie 
altered, either by ebaiiirin^ tbe rITeit of \Ur iiiaijnoti<> lliix on it, 
or by nllcring tlie speed of tlic vibrat.ir. 
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99. Ilubois-Beymontl RcKulntor. — Tlie firtii of these 
methods — tbiit ie, varying tlie effect of the magnetic flux on the 
aecondary coil — may he carried out in \'arioiiB ways. We will 
consider briefly the most im{)ortuiit of these, as recent practise 
tends to abandon them all with one i-xceplion, the aim being to 
avoid complicated devices, when hetter and surer results may 
be reached by instniments constructed on more Bcientiflc 
principles. 

One of the earlier forms of regulators for this purpose waa of 
the so-called Drtboia- Reyvumd type, In this the primary coil 
with Ws iron core was stationary, while the aecondary coil waa 
separate and could ho moved aivay from the primary, enclosing 
it more or less according to the E. M. F. it was desired to 
develop in the 6econ<lury coil. It can easily he seen that a with- 
drawal of the secondary coil from the inductive influence of the 
primary coil must weaken the resulting E. M. F. in the former, 
because part of the secondary coil is entirely out of reach of the 
lines of force, and therefore inactive so fur aa producing an 
E, M. F. is concerned, but still influencing the current by means 
of the self-induction and resistance of the whole coil. The base 
of the coil is provided ordinarily with a millimeter scale which 
enables the operator to read of! in millimeters the distance 
between the coils. It is claimed that by the use of this 
millimeter scale one can at any time reestablish with euflicient 
accuracy for clinical purposes the conditions which existed 
during former treatments. This is the only advantage of the 
scale, for as an indicator of current- strength it is without 
value, and must not be considered as such. An instrument 
of this class is often provideil with several secondary coils, 
making it possible to substitute one of finer wire for others 
of coarser wire, while at the same time the primary coil 
remains stationary and unaltered. 

Instead of having several loose secondary coils, there may lie 
two or three such coils fastened permanently to the base, either 
of the coils being thrown into action hy means of a switch, and 
each of them operated by its own vibrator, or by a vibrator 
which is common for all. This \» the form of secondary coil 
oow generally used. 
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100. Screening Efltects. — It is not absolutely necessary 
to move the secondary coil out of the magnetic field in order to 
diminish its action ; it may remain in its original position and 
the force of the magnetic waves be diminished before they reach 
the coil. We have already seen that the iron core had to be 
subdivided to prevent the formation of eddy-currents. The 
existence of these currents in conductors of large diameters has a 
screening eflfect on coils situated either inside or outside of said 
conductor, and may therefore })e used as a means for weakening 
the action of the magnetic field. Ordinarily, a space is left 
open between the iron core and the spool, large enough to allow 
the insertion of a metal tube. If the tube is pushed in far 
enough to cover the whole length of the core, it reacts so 
strongly on the primary current that only a very feeble E. M. F. 
is generated in the secondary coil. To understand this, it 
must be borne in mind that the tube practically constitutes a 
secondary coil. It is true that, strictly speaking, it consists of 
one turn only ; but this one turn is of a large cross-sectional 
area, and only a few inches in length, and consequently of very 
low resistance. When, therefore, the magnetic flux passes and 
repasses through the shield, it i^roduces, although the E. M. F. is 
small, rather j)owerful 6(?condary currents and a M. M. F. in a 
contrary direction to that of the primary coil. It therefore 
counteracts the effects of the i^rimary circuit, and the result is 
that only a feeble magnetic 11 ux reaches the secondary coil. A 
gradual withdrawal of the tube of course tlimishes its reactive 
influence and permits the P]. M. F. in the secondary coil to 
increases This tubt? need not nixiessarily be placed around the 
core ; it may be situated between the primary and secondary 
coil, or over the secondary coil alone. In either case the action 
of the tube is the same. In a scientific faradic ap2)aratus the 
shield is not used. 

101. Modern Methods of Regulation. — The first of 

these methods of rr»rul;itions is much used in modern induction- 
coils. The aim lias Ix'cn thoufrb to avoid all loose and movable 
parts, as being a source of confusion and uncertainty, and to 
place all the coils in a lixttl position. When the various coils 
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are to bo thrown in and nut of action, it is effected by the aid 
of switches to which the terniinals of tbe coils have to be con- 
nected. The positions of the coils may be such that they are 
either placed inside of one another or side by side. 

An example of the first arrangement is shown in F^. 67. 
The terminals of the battery B are attached to /•, and P„ which 
in turn connc-ct with the jxile-reverser V. The current flows 
from V thniugh the wire lu, to the contacts spring F and the 
post t\, and thence through wire p to the primary coil P, from 
which it returns t« the ruverser through the wire ir,. The 
Becondiiry coil S,, made of very fine wire, has one of ita ends 




joined to Ihp wires to, and a, ; the latter is cnnnecteil with the 
terminal /*,. The other end of S^ and the beginning of the 
coil S, are both attached to the wire s, that is connected to 
the cont»:t .S,. Tbe end of the coil S^ is by means of the wire 
(, united with tbe contact .S', ; and finally tbe jwat /', is con- 
nected to the contact P^ through the wire j^. The terminal 
of the switch II' is /*„ wluch, together with tbe tenninal /*„ 
constitute the terminals of the induction-coil, to which tbe 
conduchirs f, and (, are attached. 

In the present instance, the secomlnry coil has only two sul>- 
divisions ; hut in all modem faradie batteries there are six, made 
up of three different sizes of wire. The switch with ite con- 
nections will not be affected by this increased number, and tbe 
arrangement sliown in tbe figure will in the main bu retained. 
The operation of the coil is the same as before ; the new features 
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are to be found in the pole-reverser V and the switch W, The 
former will be descril)ed later on ; it will suffice at this point to 
say that, by mo\dng the handle to the other side, the wire w?, 
becomes negative, instead of wire w^, as at j)re8ent. When the 
switch W is connected with the contact I\, the primary current 
alone is received through the conductors t^ and <,. Turning the 
switch to the contact /S„ tlie alternating current of the second- 
ary coil S^ is sent through the terminals ; and finally, when the 
switch reaches the position indicated in the figure, the united 
E. M. F. of both the coil 6\ and the coil S^ will \)e received. 

The current may be regulate<l by means of the rheostat R in 
the primary or secondary circuit to any desired strength, and 
any sudden fluctuations may thus be avoided when changing 
from one coil to another. The switch need not necessarily \)e 
placed on the base of the induction-coil ; it is frequently placed 
on one end of the si)Ool. 

102. Compound Secondary Coils. — Experience proves 
that a limited number of secondary coils do not serve the 
purposes for which they are intended in electrotherapeutics, and 
that certain effects aimed for, notably those of a sedative 
influence, are altogether imposisible. Various combinations of 
coils have been suggested as fulfilling all requirements, and as 
these agree j)retty closely, it is necessary to give but one of them. 
llenc(f, the following arrangement buggested by one of the 
leading practitioners in that line, will suttice : 



The j»riniary coil, made of No. 21 wire, 84 yd. long. 

First secondary coil, made of No. 21 wire, 100 yd. long. 
Second secondary coil, made of No. 21 wire, 150 yd. long. 
Third secondary coil, made of No. o2 wire, 300 yd. long. 
Fourth secondary coil, made of No. .*V2 wire, 500 yd. long. 
Fifth secondary coil, made of No. 'My wire, 500 yd. long. 
Sixth secondary coil, made of No. :>0 wire. 1,0(K) yd. long. 
Adding, total length of srcondary roil ecjuals 2,550 yd. 



The end of eaeh roil is joined to the beginning of the adjoining 
coil and each junetitui connected with a e«nitact-i»utton. 
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1 03. MethcKls of EflToctlnflr Combinations.— There are 

various means for eflft^ctiiig the desired conihinations of the 
secondary coils, or the primary and the seconchiry coils. A 
device of this kind, with its connections, is shown in the 
diagram in Fig. 68. The studs Z are supposed to l)e arranged 






Secondary CoiU. 




on a plate of insulating mati^ial in any convenient ])lace near 
the induction-coil, nn<l the arms A, B are supported hy the i)lale 
in suc^h a manner that they can he movc<l from stud to stud hy 
means of the small knolis d.il The arm A swings on the 
pin n, which is surroundrd hy a hushing c. of insulating 
material ; it is thcrefon^ insulated from the ring h to which the 
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other arm B is attached. The conductors T, and T^ leading to 
tlie electrodes are connected in any suitai)le manner to A and B, 
respectively. In this instance they are shown, for the sake of 
clearness, fastened directly to the arms. The primary battery B 
is connected to the vibrator F and the stud /*,, while the stud P^ 
is joined to the primary coil near F. 

All the coils are connected with one another so as to make 
one continuous coil, and the junctions of the coils are again 
joined to the studs by means of the conductors t. One end of 
the last is, as one end of the first coil, likewise joined to a stud, 
as shown in the figure. The coils are in reality supposed to be 
wound so as to surround each other, as in Fig. 67, and not side 
by side, as indicated in this figure. It can easily be seen that 
by thus insulating the arms Ay B from each other it is possible 
to select any separate coil and to use its current alone or to add 
any other coil that may be necessary for the proper voltage or 
strength. By placing the arm A on Pj, and J? on P,, the 
primary coil alone may be utilized, or the first secondary coil 
may be added by moving B to stud /. Any further motion 
of B towards the right adds a coil for each stud it passes, until, 
when it reaches stud VI, the whole coil is included in the 
circuit. In the position of the arms shown in the diagram, 
only the fourth and fifth secondary coils are in the circuit. By 
moving arm A to I V the fifth coii alone would be in use. 

It has already been shown in Arts. 115-1 22, Direct Currents, 
how the cells that operate an induction-coil may be combined to 
give the desired voltage. 

« 

104. The Speed of the Vlbiiitor. — Having considered 
the first method of varying the E. M. F. in the secondary coil, 
we will now proceed to the second, that of varying the speed of 
the vibrator. 

The contact-t^prinjr, shown in Fij^s. 56 and G7, dot^s not admit 
of much variation in rrgard to fnM|U(Mi(\v. The usual method 
is to advance tho scn'w A' towards the sprinji;, thereby bending 
the spring out of its original position, and caiisinir it to exert a 
heavier pressure against tlio platinum contact J>. The distance 
through which it moves is now shorter and its motion (luicker, 
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resulting in an increased number of vibratione per eecond. The 
increase in frequency o))taiuable in this timuner is not very 
great, and it in geldum that tlie original speed can be doubled. 
It may be inipiuvfil soniewliiit by adding another screw A'[ near 
the base, as shown in Fig. 69, 
thereljy shortening the active 
part of the spring. The fre-. 
quency of a good spring- vibrator 
varies from 150 to 300 interrup- 
tions jjer second. 

j^ 105. Ribbon Vlbmlor. 

j .^ ^Bgj If it is desired lo increase the 
V^ ^ frequency still further, a riblioa 



f'-f^^ 



( I vifiriilnr, such as is illustrated in 

' 1 » Fig. 70, may l>e used. The steel 

^''* ''"* ribbon r is fastened to a post a 

and supported liy another post b through which the ribbon 
passes. Tlie con tact- screw c rL'gulatcs the pressure and the rate 
of vibration. An additional means for regulation is found in 
the lever e U> which one end of the ribbon is connected. The 
screw d engagew tliiw lever mid can, by forcing it away from the 




post h, subject the ribbon to an increased tension, followed by a 
still higher nite of vibnitioii. The iron cores are shown at rj, ;/, 
and », a are the secondary coils, one of which is niiide of rather 
coarse wire. The ribbon vibrator is connecled with the fine- 
wire coil, and gives an alti-rnating current of ralber high 
frequency, in which the waves ai'c snioolb iind devoiil of any 
abrupt changes. 
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The otiier coil is used in -coiiiliinatioii with a slow vihmtor 
separately illustratud in Fig. 71, wherein /■' is a spring witli aii 
iroii animttire //and an extensiun /) carrj-ing a small wuight W. 
Tlic weight can be fauk'ned in several positions to correspond 
with the changes in the rat« of vibration. The contact-screw is 
shown at K, and (7 is a small electromagnet operated by the 
primary current. When ^ 

placing the weight If at 
the extreme right, the 
vibrations are the slowest 
obtainable. Moving the 
weight towards K in- 
creases the rate of vibra- 
tion, and if W )>c taken 
of! altogclher the make 

and break is very rapid. Since the coil is iniide of a coarse 
wire and with few tunis, the current will necessarily be of a 
low E. M. F. with sudden changes. 




106. Illgh-Speefl Vibrator. — A vibrator that is claimed 
to Iw capable of varying the rate of the intfrruptioiis from 50 
to 1,500 per minute, is illustrated in Fig. 72. The head A of a 
sjhjoI is jirovided with a disk /{ wliicb is free to revolve on the 
jiin 0. The disk carries a fl)iuol C, and a ))enduUini D pivoted 
in the bracket /'. The peuduluiii is provided with an adjustable 
weight ir und an iron armature //, The slotted lever E carries, 
at one i>f its extremities, a pin K adapted to engage the 
spring /'and push it more or leas iigainst the pendulum. Tlie 
lever is pivntud un the Jiost /., and its shittetl end engages a sta- 
tionary i>iii .1/. When the disk ii is turned to the right by 
meiuis of tliL- handle .V, the pin K is swung to the left, thus 
short*'niTig the active part of the spring, and making it stifTer. 
The rate "f vilinifion is tluTefoif inere;ised. On turning the 
disk to the left ihe s|iring is n<it only made weaker, but the 
penduhnj] lian>;s in a pcisiliun nmre nearly vertleal, and exerts 
11 smaller [.nssure a-aii.^t thf .-^iiriu- When IIjl- handle .V has 
.\trviiie i"isilinn at the left, the pendulum 
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107. Effect of "Excessive Frequency of Vibration. 

It might seem, at first gliince, tliat if a high E. AI. F. were 
desirahle, the freciucncy of vibration could not 1)0 made too high ; 
but unfortunately the E. M. F. increases >vith the frequency 
only up to a certain point. Beyond this, otlier factors ap])ear, 
with a constantly increasing influence, and prevent a further 
rise of E. M. F. When this point is reached, the time for the 

full action of the 
primary current is cut 
8hort,andtheE. M. F. 
cannot increase. The 
magnetic flux }>eing 
limited, it follows that 
the secondary current 
must be affected in a 
similar manner, and 
the increase that 
should have resulted 
from the high sjx^ed 
of the moving mag- 
netic field is cut down 
l)y the high counter 
E. M. F. following in 
its wake. Therefore, 
if an increase of 
E. M. F. is looked for, 
the results are disap- 
])ointing ; but, on the 
other hand, a material 
gain is realized in the 
smooth form of the alternating current. Conso(iuently, in the 
modern medical coils, the frecjuenc}' of vibration is pushed as 
high as 10,000 to 15,000 interruptions per minute, the obj(»ct in 
view being rather to procure a current of a peculiar soothing 
nature, than one of a high E. M. F. A current of this kind 
can be obtained only by means of a jjerfect vil)rator, the action 
of which is even, and not of a jerky character. Should, for 
instance, a spring, while vibrating at a high speed, reduce its 
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speed or stop at certain intervals, then such variation would at 
once be accompanied by a wave of high E. M. F., which would 
have a decidedly unpleasant effect and spoil the work of an 
otherwise perfect instrument. For this reason it is important 
that the action of a vibrator be examined very closely in order 
to discover whether it is subject to such irregularities. 

108. Testlngr an Inductlon-Coll. — When examining a 
coil, first see if its E. M. F. is high enough for the production 
of what is called high-tension currents. For this purpose a 
Geissler tube of moderate size, say three to four inches long, is 
very useful. The terminals of the secondary coil are connected 
to the Geissler tube by means of two short i)ieces of copper 
wire, and, after the room has been darkened, the coil is set in 
operation. Unless the secondary coil contains at least as much 
wire as the coil mentioned in the Uible in Art. 102, that is, 
about 2,660 yards of Nos. 21, 32, and 36, no effect will be pro- 
duced. If the voltage is suflRcient, the tube will glow, and its 
brightness will increase with a rise in E. M. F. 

After it has been proved that the coil has sufficient vcJtage, 
the Geissler tube may be employefl to study more closely the 
action of the vibrator. The tube will show patches of light of a 
cup-like form, with a wavy motion. If the motion is uneven 
and of an intermittent nature, it is proof that the action of the 
spring is irregular, and that the interrupter must i)e adjusted 
until the vibrations are even. These experiments should be 
repeated with one or more cells until the entire strength of the 
battery has been emj)loyed in the test. 

A more delicate and efficient test mav be ])erformed bv means 
of an ordinary telephone receiver. It is connected to the coil 
by the usumI conducting-(;ords, and wh(m i)laced to the ear will 
indicate every variation in K. M. F. l)(>th in tlie primary and in 
the secondarv coil. Trre^nilarities in vil)ratorv action that would 
otherwise pass unoh.served would i>e (juickly detected by this 
method. 

The bipolar electrode may i\ho ho used for testing the regu- 
larity of the vibratory artion of tlu' interrupter. After the 
electrode has l)een connected to the secondary coil, the tips of 
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two fingers fhould be placed one on each Bide of thp metal rings. 
When used with the coils of fine wire, a light touch of the 
fingers is sufficient to discover irregularities in the current, 
while for larger currents it ia necessary to hold the electrode , 
tightly in one hand. 

109. TraMSformers. — l!y the term transformer is ordi- 
narily understood an apparatus that will transform an electric | 
current of a certain amperage and voltage into another current I 
either of a higher or lower amperage with a coTres[)onding I 
change in voltage. An induction-coil would therefore, in reality, 




have to be classed as a transformer, because it changes a batt«iy 
current of relatively low voltage anil high amperage into a 
current of high E. M. F., but of small strength. Notwith- 
standing this similarity, there is a certain dilTerence between 
them that requires them to be considered separately. This dif- 
ference consists mainly in the operation of the primary coil. In 
an induction-coil this is acted on by an intermittent direct cur- 
rent, while the primary coil of the transformer is furnished 
directly with an alternating current, generally from the com- 
mercial lighting circuit. A transformer needs, therefore, no 
interrupter, and there is this additional distinction between 
them that, whereas the induction-coil is provided only with an 
interior core of iron, and the magnetic flux, therefore, has. to 
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return through the air; the transformer, on the other hnnd, is 
provided, also, with an external casing of laminated iron, thus 
permitting the magnetic flux to flow entirely through iron, or 
nearly 60. 

Some of the transformers used in electrothorapeutici* have for 
practical reasons not been provided with this external casing, 
as, for instance, the transformer shown in Fig. 73. This is, in 
realitj, nothing but an ind actio n-coil of the Dulioip-Ueyraond 
type, the only difference being that the primary coil is fiiniished 
with an altenialing current through the two binding- polite to 
the left, while the alternating current from the secondary coil ia 
delivenxl through the two front binding-{ingiB. By turning (he 
little crank at the head of the primary coll the socoiidary coil 
can be moved so as to 
be more or less under 
the influence of the mag- 
netic flehl of the primary 
coil. This will enable 
the oi»emtor to regulate 
the voltage of the secon- 
dary current within very 
wide limits. 

The form usually given 
to the trin]t;fi)mier when 
usetl for commercial 
^"'- '*■ lighting purposes is 

shown in Fip. 74. C is the iron core that .almost entirely 
encloses the coil. There are four cnil.s, of which /*, /', form the 
primary, the two coils beinj; connected in series, as indicated by 
conductor ». The terminals of the primary are shown at (, (,. 
S, ,\ are the two secondary coils, which may lif connected 
either in serifs or in parallel, as dosind, their terminals u, b, 
c, d being brought out separately for this purpose. 




110, Action of tli<* Transformer. — It is unnecessary at 
this iK>int to piveany dctaiicil di'scri]itiini ;is t" h«w nn nlivrna- 
ting E. M. F. is produced in the seconil.iry mil o[ a tranFfnniior, 
as the action i;; almost identically the ^amc as tliat of the 
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inductioD-cuil. In either ease, it is a qiiestiun of couipeltiDg 
the lines <»t luagnotio forra of the primary cuil to cut across Ihb 
secondary and thereby induce an E. M. F. in the latter. In 
the induction-coil this was attaine<i by starting and stopping 
the current in the jirimarj' coil, while in the Ininstormer similar 
resuhs are obtained liy perimlically reversing the current. The 
results, so far as the character of the secondary current is con- 
cerned, are not tlie same. We saw tliat from the mode of 
interrupting the primary current in the induction-coil, the same 
was more or hss one-sided, that is to say, the wave of the 
breaking current was considerably stronger. Itfi secondary 
current would partake of the same characteristics, and under 
certain eundilions the difference between the closing and open- 
ing currents would be so great as to practically make the 
secondary current a unidirectional interrupted current. 

In a tranEtoruier wlifiac primary coil is supplied with an 
alternating current of the sinusoidal class, described in Direct 
CurrenU, the secondary current has an entirely different 
character. 

The rate of variation in the current-strength, Iwth of the 
pi>silive and negative wave, is very gradual and devoid of any 
abrupt changes. The result is that the cun-eut lluwing through 
the secondary coil will have the saine characteristics. The posi- 
tive and negative waves wilt Ixtth be of the eanie voltage. 

This was obtaintHi tu some extent in the ainuHoidal alterna- 
tors, but in small apparatus like these, it is inure diflicult tn 
obtain the same results as it is by means of the large alternators 
in the commercial lighting stations, that supply the currents 
fur the primary coils of the transformers. 

The currents from the induction-coil and the transfonner 
have, by reason of their ditTerent characteristics, each their 
proper Helds for action, and it is to i)e kept in mind that they 
cannot in all cases be considered as equally efficient. 



111. Use of TitiiisruriiitiiH. — While the main purpose 
of the induction-coil was to change a rather lai^ current of 
low E. M. V. into a. small current uf high E. M. F., the trans- 
former will not alone do this, but will also change a. current of 
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high into one of low E. M. F. Transformers of the first kind 
are called step-up transformers, and when reducing the 
E. M. F., step-clown transformers. The ratio of the 
secondary E. M. F. to the primary E. M. F. is very nearly the 
same as the ratio of the number of turns in the coils. This ratio 
is called the ratio of transformation. 

For ordinary applications, such as for lighting, step-down 
transformers are used, the usual ratio of transformation being 
10: 1, so that, with a 1,000- volt primary, the secondary E. M. F. 
is 100 volts. 

The sizes of the primary and the secondary coils, shown in 
Fig. 74, are very nearly equal, although the number of turns 
of the one is perhaps 10 times that of the other. The size of 
the wire used in the secondary coil of this step-down trans- 
former, however, must be so much larger in diameter than that 
of the primary, that the volume of the two coils will be 
nearly the same. 

It must be kept in mind that no gain is made in electric 
energy by triuisforniing a current to a higher or lower voltage. 
Theoretically considered, the energy of both the primary or 
secondary currents should be the same, but a transformation 
cannot be accomplished without some loss. We find, therefore, 
that the eiierjzy delivered by the secondary coil is smaller than 
that delivered to the primary. 

Ill Dirrct Cunrnt.i it was shown that the power W of an 

eUx'tric current was found bv means of the formula 

]V E \ C, If, for instance, the current in a primary coil has 

an K. M. F. of vohs and a strength of .5 ampere, its power 

would be ir E \ (.' () \ .5 - - W watts. When the secondary 

coil is so wounil as to j)roduce an E. M. F. of 500 volts, the 

current-strength will be correspondingly reduced. By means 

\V 
of tbe tormula (' we lind that C is now .006ampere = 

() millianiperes and the i»roduet E \ C r)()(l X .006 = 3 watts, 
is the same as brfi»r«\ In reality, tbe secondary coil would 
sulTer a loss in pri'>sure and would deliver a current somewhat 
smaller than (» niillianipcres, hence would not return all of the 
3 watts fnrnislied to the primary roil. 
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The induction-coil can be consideretl tm a step-up transformer, 
while the transformer shown in Fig. 74 is an example of n 
step-down trsuisformer. In electrothenipeutics, step-down 
transtormers are also iiaeil when ii strong current is demnnded 
for cautery-work. The primary coil is connected with the 
lighting circuit and a low E. M. F. induced in a secondary coil 
that is made of thick wire. The latter coil will then deliver a 
current from 5 to 30 amperes, depending on the position of the 
secondary coil, relative to the primary. Transtormers of this 
class are descrihed in Physics of IJght and Cautery. 



112. Measurements of Cnrrent-Strenprtti. — When 
an ordinary galvanic current is used for therapciilic purposes, 
wc find, as was shown in previous pages, no difficulty in 
measuring its quantity and adjusting the latter to any desired 
amount. This is important with a direct current, because the 
currents used are often so weak tliat one would he ignorant of 
their presence but for the ibdications of the ammeter. With 
the alternating current derived from the induction-coil the con- 
ditions are entirely different. Here the ordinary ammeter will 
no longer serve as a measuring instrument because the direction 
of the current is constantly changing, and changing bo rapidly 
that it is imj^MSSsible for the moving parts of the instruments to 
follow these reversals, and they seem to indicate that no current 
is passing. 

There are ammeters and voltmeters that will indicate, 
respectively, the amperage and voltage of an alternating cur- 
rent, hut these do not indicate the absolute, momentary 
values of the current-strength and voltage, but their effective 
values. 

These effective values are found by letting the current expend 
itB energy in heating a given resistance that is devoid of self- 
induction. The same resistance is then exposed to the heating 
effect of a direct current E. M. F. and that value of the latter 
that was required to produce the same effect is taken as the 
equivalent of the alternating E. M, F. The same prtH.'edure is 
followed when measuring the alternating current. Its rate of 
flow is constantly changing, but its heating effect may he 
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determined and compared with that of a direct current; we 
have, then, wliat is termed the effective current-strength. 

Instruments ahlc to indicate the current-strength or voltage 
of an induction-coil current are difficult to make, hecause deal- 
ing with extremely weak currents. They are therefore expen- 
sive and require great care in handling, and for these reasons 
they are rarely used. Fortunately, it is of minor importance 
to know the effective E. M. F. or amperage of this inducwl cur- 
rent when used for therapeutic purposes. It is more a question 
of tolerance, and this will vary with different persons. 

To have means for a delicate graduation of the current- 
strength is of greater importance than to know its real value. 
Nevertheless, the operator should be able to foretell the general 
effects of the various combinations that his apparatus will 
allow, and subsequent minor variations should be made only to 
suit individual cases. This is done either by means of the 
method employed in the Dubois-Reymond coil, or by the 
method described in Art. 103 in conjunction with a rheostat, 
or by using rheostats both in the primary and secondary cir- 
cuits. The apparatus required for effecting these current- 
regulations is fully described in Accessory Apparatus, 
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ELECTRIFICATION. 

1 . Positive and Nei^tive Electricity. — In the previous 
Sections of this Course we have considered electricity in motion. 
When an electrification takes place on a substance that is able 
to conduct electricity, the latter will at once be distributed 
throughout such a substance and cause a flow, or current. In 
case the substance is iwt a conductor the various electromotive 
forces that may have been j)roduced on the substance have no 
oi)portunitics for e<jualizing themselves, and the charge will 
remain where it was ])roduced. 

Wben a body is in this state it is customary to say that it is 
positUelij or negatively eknttrified, meaning there!)y that in the 
former case a current would How from the body, and in 
the latter case into it, if a conductor were brought in contact 
with it. Tliis property of a non-conductor by which it is able 
to retain an E. M. F. in a condition, so to say, dormant, but 
ready to send a current in one direction or other, depending on 
wliether its i)otential is j)ositiveor negative, hius given rise totlie 
idea tliat there are two kinds of electricity, positive and negative. 
It is tlien supposed that ordinarily, when a Ix^dy is in a neutral 
condition, these two kinds are mixed, but that after electrifica- 
tion has taken place the ix)sitive would separate from the nega- 
tive and form two distinctive kinds of electricity, different m 
cliaracter and tendency. These two kinds would eiigerly seek 
to unite with each other and again prcMluce a neutral condition. 

We are here in the same iM)sition as when we wen? considering 
tlie flow of a (uirrent. It was then remarked that, if a flow of 
eleetri<'ity really took j>lace, we were not certain in which 
direction it actually was flowing. A current might possii)ly 
flow from the body of lower to that of higher jjotential, or 
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might flow from both siniultiineously, or not flow at all. In 
any-case, we preferred to ^!peak of the ecpialization of different 
]X)tential8 as causing a current of electricity, as this made it 
easier to dcscril)e the various phenomena anil to formulate rules 
and laws. 

2. The same holds true with the phenomena of statii; elec- 
tricity. When two bodies are respectively positively and 
negatively electrified, there is a mutual action between them, 
which seems to lie similar to that tiiking place between two 
magnetized bodies. Moreover, the forces seem here to act along 
lines of force, and to cause attraction or rei)ulsion, as the case 
may be ; also, we nmst here 8Upi>ose the ether to be the medium 
that transmits the forces from one bodv to the other. Not with- 
standing tht»se facts, we prefer to speak of positive and negative 
electricity, because it makes it nmch easier to exj^lain the 
phenomena of static induction and the action of static induction- 
machines. When, therefore, in the following i>ages, we sjicak 
of positive and negative charges, it must not be taken for 
granted that such charges actually exist, but that on the contrary 
these terms are simply used for convenience, as, without them, 
it would l)e ahiiost impossil^le to describe tlie phenomena of 
static electricity to one xmA familiar witli the science of electricity. 

Jj. C'liJiix^^ — When a body Iia.^; been sulunitted to some 
influence that lias cbaii^'cd its neutral condition into one in 
which a diiTcrencc of potential has been created, either between 
difTerent jiarts of the same body or between difTcrcnt bodies, the 
bodv is said to have been electrified, or to have been charflfecl. 

The one part or body that possesses a })ositive potential is 
said to be pf^sitively char^^od ; the other, ne^^atively. It is 
imjHtssihlr, to hrlinj fortit imc chartjc, irithtnii br'nufin(f Jorih another 
of eqndl qnnniitij. 

4. C'<)ndiict<)i"s and Insiilat<)i*s. — If an electric cbarjje is 
connnunicated to one cn«l of a ;:lass rod it will remain there, 
and will not pass to the otli<*r rwd of the rod. The ^dass rod 
will not j)ennit the char^re to spread throu^^'h its >ubstance, 
because it is a non-conductor, or what is called an Insulator. 
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If, on the other hand, a metal rod receives an electric charge at 
one end, the charge will immediately distribute itself over the 
whole rod. The metal rod, unlike the glass rod, conducts the 
charge from one portion of its surface to all other portions, and is 
therefore called a conductor. A substance that is an insulator 
is said to offer a great resistance to the flow of electricity through 
it, but it must not be supjwscd that conductors offer no resist- 
ance. The fact is, there is no sutetance so good an insulator as 
not to allow some electricity to pass, and there is no conductor 
that does not ix)ssess some resistance ; no sharj) distinction can 
be drawn. 

In the following list various substances are placed in the 
order of their conductivity. 
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Silver 
Coi)per 
Other metals 
Charcoal 
Water 

The Imman body, except 
the epidermis 

Cotton 
Dry wood 
Marble 
Paper 
Alcohol 
Ether 

Powdered glass 
Ice at 82° F. 
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Oils 

Porcelain 

Wool 

Silk 

Resin 

Gutta-percha 

Shellac 

Paraffin 

Glass 

Dry air 



FRICTIONAL. 15L.ECTU1C1TY. 

5. IJoth Bodies Conductors. — The means employed for 
electrifying bodit^ depends somewhat on their nature — whether 
they are conductors or non-(;onductors. In the case of two con- 
ductors, ]>y merely bringing them in contiict a iH)sitive charge is 
products! on one and a nc»gative charge on the other. The 
ain<»unt of charge so ol)tainiMl may, however, 1k.» very slight, and 
re<iuires tlelicate measuring instruments to detect it. 
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6. Olio or Both Boilies Insulators. — Wlieii one or ])oth 
of the l>odies are insulators, or non-conductors, it is necessary that 
one of them l>e brought in energetic contact with tlie wliolo sur- 
face of the other, or as much of it as is to be electrified. This is 
usually done by rubbing one body intimately with the other, as, 
for instance, a silk handkerchief with a glass rod, or a i)iece of 
cat's fur with a stick of sealing-wax. When the bodies are 
sejiarated, after rul^bing, each will l)e found to ])e charge<l — one 
positively, the other negatively. The friction ])etween the two 
sutetances simply causes contact between their various parts, 
and the charge should therefore be considereil of the same nature 
as that generated by contact between two conductors. The 
difference between the two cases is that, in the case of the con- 
ductors, the charge flows to all parts of the l)ody, while, in the 
case of the ncm-conductors, the various })arts have to be chargwl 
separately by contact. 

7. Enorgry of Chargre. — The amount of electric energy 
stored up on either of the IxmIIc^ is not proportional to the work 
done by friction, but only to the small work done in sepaniting 
the two l)odies against their nmtual attraction. 

8. Coiitlitions for Electrification. — It was formerly 
thought that only a limited number of suljstance^ could produce 
an elec^tric charge when brought in contact with each other ; Imt 
later investigations show that friction between any two different 
sul)stimce.<=?, no matter what the sul)st;ui('es may be, always pro- 
duces a separatiim of positive and negative electricity. It is 
not even necessary that the substances slumld be different, as 
two bodies of the same substance, one with a smooth and the 
other with a rough surface, will show a charge when ru])bed 
together. In this instance, the body whos(,> i>articles are more 
easily removed shows negative electricity. Two bodies of the 
same substanci^ with <liiTerent temperatures will show elei^trifica- 
titMi, and it has also been shown that two bodies ni the same 
substance, but of dilTereiit coh)rs, will in mhuc cases be electrifie<l 
when rubbed to^retlier. Whetlier the ImmHi's are brought in 
contact by means of either rolling; ,,]• sliding friction seisms 
innnaterial. The main thing seems to be to bring the various 
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ptirls of Uie Biirfiicp ()f fine Ixxly siKTcssively in contact with the 
surface of a dissimilar Ixiily, and scpanilt' them, in order to 
produce a charjte. Stntic elrctricjil niacJiines arc liaswl on these 
principlta, and the following oxperinii^nts, some nt which may 
ajipcjir (juit* element^iry, are made for tho piir])oae of making 
the action of electrical machines, helonginj; to cither the friction 
or the induction system, perfectly clear. 

9. Conditions Govemlngr Klntl of Ctaargf. — Let us 
now consider the conditions necessary for pro<iuc!ng an electric 
charge on a hotly, and the means of detecting its presence and 
kind. Evidently this latter fejiture is a very imjiortant one, as 
all of tlieso phenomena can he studied only by the most (^orcful 
use of the testing instruments, both as regards tlie correct inter- 
pretation of the ai^tion taking place, 
and also in preventing exterior ffireis 
from interfering wilb the forces 
under olfflon-ation. 

By rubViing u glass rod with a 
piece of silk, the rod wilt receive 
a charge that it lias been agreetl 
to call positire; tho charge on the 
silk will, therefore, l>e ntijatiri: The 
presence of the chaise can be 
det^-cted hy holding the ghiss rod in 
the neigh iKirboiHl of light hodira, 
such as chaff or small bits of paper ; ""' ^ 

it is seen that thi-se small partidre arc altnictoti hy the rod, and, 
att*r contact with it, partake of il^ charge and are repelli^l. 

10. The Elocti-lo Pentluluiu. — A more suitable ai>im- 
ratus for studying these actions is an electpic peiulnltim, as 
repreficnted in Fig. 1. It consists of a glasH rod supiHirting a 
metal bracket, which carries a silk thread to wbiob is altached a 
pith-ball. If the glass n«l is held near the ball, it wilt lie attracted 
hy the r<Ml, and then, having partaken of ils charge, be repelled. 
Now, by rubbing a stick of sealing-wax with a piece of fur, a 
charge will l>c given to the slick, and it it is held near another 
pith-hall, the hall will also l)c attracted, and after contact 
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repelled. As these two rods have the same eflfeet on two 
separate pith-l)alls, it Avould naturally }>e supposed that they 
would be charged with the same kind of eleotrieity ; hut let us 
now see the effect of holding the sealing-wax near the pith-ball 
repelled by the glass rod. It will be attracteil, and after contact 
repelled, and the same Avill take place if the glass rod is held 
near the other ])all. Evidently the two charges must be of a 
different nature, and, if the glass rod is 'positive, the sealing-wax 
must be negative. 

As another experiment, touch one of the balls with the 
charged glass, and the other with the charged sealing-wax. 
Now bring the two balls into proximity; it will be found that 
there is an attraction l)etween them. Again, charge both balls 
from the glass rod, or l^oth from the sealing-wax; in each case 
the balls will repel each other. 

11. It was stated that two substances rubb'ed together will 
have different charges, so that, when the glass rod is ix)sitive, 
the silk should be negative. The penduhmi will prove this, 
because, after the ball has been attracted and repelled by the 
glass rod, it will be attracted anew by the silk. If, again, 
the electricities of those two bodies is imparted t^> a third body, 
the latter will have no effect on the j>enduluin, proving that 
both electric, charges haw united and neutralized each other. 

We deduct from these ex])eriment^ the following laws : 

1. When tiro disftiinildr suhstanres are placed in contact, one of 
the)i\ alwai/fi assumes the positive and the other the negative charge. 

2. Ehrtrijird bodies vith similar charges are mntnally repel- 
lent, while electrified bodies with dif<similar charges are mntnally 
iit tractive. 

These are two of the most im])()rtant laws in the study of 
ele(;tricity. 

12. Tlie Kloctrle Scm'Ios. — As lias already been stated, 
glass ru))be(l with silk will receive a ]K)sitive charge. Such a 
charge was formerly called vifreons^ uinler the erroneous impres- 
sion that this was the only kind of charge glass was cajuilde of 
yielding. It is fonnd. hoWever, and can be easily ]>roved by the 
electric i>enduluin, that glass rnbbe(l with fur will receive a 
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negative chaise. Sealing-wax or resin rubbed with silk will, as 
hus been jiointed out, take a negative charge, and for this rciison 
a charge bo obtained was called resinous electricity. If, however, 
wax or resin is nibljed with giitta-perfha, the former will take a 
positive charge, proving that these siiliatances are ca|)able of 
receiving either a jwaitive or !i negative charge. It will thus be 
seen that the charactLT of llio charfre depends efiually un the 
material eompoeing tlic two siihstances rulibed together. 

The following list, calle<I the electric series, gives the various 
substances in such an order that each receives a positive chaise 
when rubbed with any of the bodies following, and a negative 
charge when rubbed with any of those which precede it : 

1. Fur 6. Cotton 11. Sealing-wax 

2. Flannel 7. Silk 12. Resin 

3. Ivory 8. Thehuman IxKly Ki, Sulfur 

4. Crystal i). WootI 14 Ciutta-percha 

5. GlasB 10. Metals 1.5, Guncotton 

13, Charges on two bodies may differ not only in kind, but 
also in amount, li a charged body is brougtit in contact with 
a larger body not charged, or chained with the opposite kind of 
electricity, there will bo & redistribution between the two bodies. 
If the charges are eipal and opposite, nu charge will remain on 
either. II the chargL-a are of opposite kind and unequal, then 
the smaller will he neutralized by an equal amount of tike 
larger, and the remainder of tlic larger chargo will distribute 
itself over the surfai-es of both bodies, The speed with which 
this distribution takes place de[>end8 on the substance of the 
body ; if a good conductor, it will be practically instantaneous ; 
if an insulator, it wilt be slow, and will take apjireeiable time. 



MEASIREMKNT OF CIIABUK. 

14. The CJolU-lvt'iif KleclPOBCope. — For very crude 
tt«tK, the electric pendulum may be suRieieritly accurate, but, 
when finer measurements are neeiled, an instrument will lie 
reijuired that is capable of indicating niinut« charges, and at 
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the same tiiye is sliicldtKl trom the moisture and iiiotiun of air. 
Suoli an instrument is the f^uUI-learductruBcope, illustrated 
in Fig. 2. 

A brass wire /■, Uic lnwer end of which is hent so ns to su]ii)ort 
the two gold leaves a, is 
]>at4Red through n glass 
tiihi- h, projeeting thnmgh 
well-vamisluKl cork 
\ closing the mouth of a 
gliiSH jar ./. The ujiper 
piirt of tlie })rass wire is 
].n.vided with a Hat disk, 
(ir pliite c, of conducting 
mnti^'rial. This instru- 
ment n< )t on ly shows 
whether a Ixxly is clectri- 
fkil or not, li»t can also 
he niade to show the 
kind of electricity with 
wliich a IxMly is chai^d. 
IM us mil a j,'lasH rod (( willi silk, and Imld it in tlic iicif;hbor- 
ImmkI of the disk .-, williout niakint; actual w.nUicl. The gold 
leavi-s will riivergr. Thi' glass roil wi- know to he ixij'itively 
clcctrilicd. and, when it is hrought near to the disk c, a separa- 
tion of the eleclric tluid in the metallic portions of the 
ek-ctroscoi>e takes place, the negative electricity being attracted 
t.) tiic jihite e liy the positive iharge on the glass rod r/, and the 
positive chjirge being rejK-l led tu the gold leaves. This chaises 
the two f;"ld leaves jiositively, and, as sindlarly-ehai-ed bod'i(« 
are mutually repellent, they aiv caused t<> divei-.;. If the rod 
is withdrawn wilhuul lnvLchin;: the plale -■, the pusitive and 
negative charges on the electroscope reunite, thus allowing the 
g<dd leaves to cane tu-cther. The aelh.n deseiihed, caushig a 
acjiaratiun of llie two eledri.'ities in a bo<lv by the pn.ximitv of 
a .■haiged Iw.dy, is eddied i,..l'nih„, :m.i is treated at gr,-..ter 
length in Arts. L*(), .( .-,./. 

Again bring the rod near llie eleelrns.„],e, and this liiue lunch 
the plate c. Oii rcnioviug the rod tlie leaves nnjidn diverged, 
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hecauBe sonip of (lio charge on tlie fikI is impnrtotl to the 
electroscope. This char>;e is of (.■oiirsQ positive, nnJ causes 
tlie gold leaves to rotnaiii diverge*! until the charge ib removed. 
Knowing the cliaractcr of thin charge, wu are ahle to compare 
other chaises with it atid find out wliuther they ore of the same 
or of a different kind. 

Ixtt the glasa rod he nihhed with flannel. The cuiestion now 
to lie answered ia whether Uie rod in charge*! with jKieitive or 
with negative electricity. On hringing it near to 
the disk on the electroacoiie, the leaves rIiow a 
tendency to close together. This is evidently 
hecauae there is less repulsion between them ; 
that is, their ixsitive charge must have l>econie 
less. Evidently, then, the rod must he negatively 
charged, bo that it attracts a part of tho pfiaitive 
charge on the leaves towards it, leaving them Ii-se 
Btrf)ngly charged. On the other hand, if the rod 
were jiositively charged, tiie gold leavis would 
jtpread wiiler aiiart, heaiuse the jxisitive charge 
on them would lie made stronger. 

From the foregoing \te may draw these con- 
clusions ; 

Ij the r/olit UavcB diverge, the body being tested has 
u charge of llu same kind iia ilitd on tho electriiscope. IJ Oic goUl 
leares approneh eaefi other, the eharge is of the opposite kiwL 

15. Quadratit-Eloctroscopo. — When it is desinsl to 
indicate and nieasuro very lai^e charges, an instrument called 
Uie quad ran t-elpcti'oscope. shown in Fig. 3, is used, /I is a 
conductor on whieh the ciiarge to be measured is placed. It ih 
provided with an uprigiit rod C on whidi the electroscope is 
moiuited. U is a pi(h-lmll, BUpixirtwi hy a light arm pivote<l 
on the upright rod. When the conductor A Is charged, the 
hall will Ijc reiwlled in proportion to the charge, and a gradu- 
ated scale will indicate tlie angle of divergence. 

16. Torslon-Italaiioe. — Roth in the electric pendulum 
and in tho elcctros(X)pe, we have seen fim^ee at work repelling 
nmilorly -charged iKHliea. Tlio magnitudes of these forces under 
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varying conditions are as yet unknown to ns, and it is desirable 
to examine them a little closer. None of the instraments so 
tar mentioned will do this with any accuracy, and some other 
means must be provided. This we find in 
the torsion-balance, a combinntion of 
an electric pendulum and an electroBcope. 
In Fig. 4 a light arm of shellac b provided 
with a gilt pith-ball n suspended from 
the movable head b by means of a fine 
silver wire. Anotlier gilt pith-ball m is 
fastened to the end of a glass rod a, which 
can be inserted through an opening in the 
cover of the glass cylinder. Around the 
cylinder, on a level with the pith-balls, 
""■ *" is a graduated circle. The head b is called 

the tortion-head, and is also graduated, and. its angular motion 
18 indicated by means of an index on a fixed arm near it. 

To measure the anioimt of an electric charge, we proceed as 
follows : The torsion-head is turned until the balls just touch 
each other ; the glass nid is removed and a chaise imparted to 
the ball ni, and the rotl is then replaced. As n Is imcharged, it 
will receive part oi the chai^o on m, and the two balls will 
mutually n'pel each other ; ji will roc-ede and produce a certain 
twist ill the silver wim When the repcllinjr force is counter- 
balanced Iiy the twisting force, the arm will come to rest As 
the angle thrimgh which a wire is twisted is precijiely propor- 
tional to the force with which it i.-< twisted, it follows that the 
force of torsion is proi»orlionul to Ihe angle of torsion. If the 
angle thnmgh which (he liidl movtii is not too large, Uie ball 
will priictically move in a straight Ihie, and it may therefore be 
said that the force of torsion is iin.portionul to the direct dis- 
tance I.ctn-ecii (he balls. 



1 7. I^a^v of Invi'i-so Squares. — By nutans of the torsion- 
balance it is i>osf=il'lc lo prove Ihat llw firre r.n-r(cd Iwlivcen (mm 
gni'ill hodii^, Ht'illriillt/ clidri/ot iril/i ileclriiilii, nirii^ htrereeli/ at 
the n'liuire of l!- illdoiicr hrlinr,, th/'m. Tims, if two electrified 
bodies, 2 inches apart, repel each other willi a eo-laiii force, Una 
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force will be four tinieti greater if the Jigtance between them is 
decreased to 1 inch. Tliia law holds gmA tor both reimlsion 
and aUraction, and also when the charges on the two bodies are 
of un(<qual amounts. At a given distance, the attraction or 
repulsion between two liodies will be proportional to the product 
of the tiro qiiaidUkg of electricity with which they are charged. 
For instance, if one body is charged with 5 units, and another 
with 3 units of electricity, the force acting between them will be 
5X3 — 15 times greater than it would he if each body had 
received but 1 unit 

] 8. Unit Quantity. — A unit r|uantity of electricity is that 
charge which, when plat/ed in air at a. distance of 1 renlhiieter 
from another e(|Uiil and similar charge, will be repelled with a. 
force of 1 dyne. The dj-ne, or unit of force, is that force 
which, by acting on a mass of 1 gram for 1 second, can give 
to it a velocity of 1 centimeter per second. 

19. The Coulomb. — There is another unit of quantity 
based on what is called the electromagnetic system of units. 
This is called the oonlorab, and its value is 3,000,000,000 
times that of the electrostatic unit. 



ELECTIIOSTATIC l?fnUCTION. 

20. We have seen that, when electricity lias been transferred 
from one body to another by actual contact, an attraction or 
repulsion will take place ; but we have also seen, when mention 
was made of the gold-lciif electroscope, how a charge could be 
present on the gold leaves when no actual contact had been 
made with charged bodies. This latter phenomenon is perhaps 
tlie most inii>ortant one in wtatic electricity, and deserves a great 
deal of attention. 

21. The Electrostatic Field. — It is accepted as a matter 
of hwi that an clcctrilied Iwdy can have no intluence on a body 
not charged with electricity. How, then, can we explain why a 
neutral pith-ball is attrncted by a nibbiil glass rod? The 
answer is that, liefore any attraction talus place, the glass rod 
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has, wliile some distance away, caused a division of the neutral 
state of the hall inU) j>ositivc and negative eloc^trification, so that 
a n(^ative charge has collected on the side next to the glass rod, 
and has therefore heen attracted. All this will take place 
almost instantaneously, hut, before the ix)sitive and n^ative 
charges have been established, no attraction will be noticed. 
This influence, which a charged body is capable of exerting on a 
neutral conductor, is called induction, and the charge is called 
an induced charge. The range of space in which it takes place 
is an eledrnstatic field, Wq recognize here conditions very 
similar to those explained under magnetic induction. 



22. The apparatus shown in Fig. 5 illustrates this phenom- 
enon more fully. C may be a glass ball chargt^d with positive 
electricity, and A B i\ conductor with no charge, l)oth insulate<l 
from the ground by glass columns. When C is placed in the 
neighl)orhtMKl of A 7>, electric charges are induccMl on the con- 
ductor, and it is found that its two ends have charges of 
opposite kinds. The ])ith-balls suspen(le<l from the conductor 
will also »how that the charges are not uniform, bwause the 
former an^ seen to diverge more and more, the farther they are 
from the center of tlie conductor ; in fact, tlie middle part will 

nshow no eh a rjj^e whatever. 
B It is also found, by test- 
■f "" ^PB^BilipapBBlP "^ in.^ with an electroscope, 

^ ^ thiit the end .1 is charged 
with negative and the 
end 7> with ])ositive elce- 
trieitv. Should the ballC 
again he removed, we see 
that tlie pith-halls touch 
each other ; the charges have, therefore, <^nlirely disappeared. 
They have neutralized each otlnT, and therefore must orijj^inally 
have heen present in e<i\ial amounts. The eoii(luet«)r may be 
made in two parts and se]»ar:»ted before the KmII (! has moved 
away, in which case each part will have a eharire (►f nn o])]>osite 
kind. 

From this experiment we draw the conclusions that a j)Ositive 
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diarge attracts a negative cliargc and repels a iwsitive one, and 
vice versa, and tluit tliis influence can take i)lace through some 
diistance and through materials such as air, gla.S8, etc. ; that, 
when the electrified hody is removed, it will again return to its 
natural condition, and that the inducing hody has lost none of 
its charge. 

If the hody on which the charge is induced has connection 
with the ground, the result,** are somewhat different. Let the 
hodies occupy the position illustrateil in Vig. 5. If, now, a con- 
nection is estiihlished hetween A B and the ground hy touching 
it anywhere along its surface, even at A, the positive charge will 
esca]>e and he neutralized in the ground, and the negative 
charge only will remain. The charge that piissed to the earth 
is called a free charge, while that charge which is held hy the 
inductive influence of C is called a bound charge. On the 
removal of C, the induced negative charge is released ; it is also 
/nr, and will now distrihute itself over the whole surface of Uie 
conductor. 

2»3, There is yet another modification of these experiments 
to Ik? (H)nsidere<l. The smaller the distance hetween the two 
hodies, the stronger the induced charge will he; it would 
eventually he ec^ual to that on the chargwl body. Before this 
j)<)sition could he reached, however, the insulating capacity of 
the intervening substance (in this instance air) would break 
down, and tlu^ charges rush acnxss and reunite with such avidity 
that a spark would be seen l)etween the l)odies. The nqjative 
charge at A and the iK)sitive at Chave now reunited, and have 
by that act neutralized ea(*h other. The bound charge at B is 
now free, and ix)sitive electricity is distributed all over A B, 

In the latter experiment, the induced negative charge was 
supi)osed tt) be of etjual quantity with the inducing jx)sitive 
charge ; by their union they would therefore neutralize ea<ih 
other. Should the charges on two IkxHcs not be of (Hjual 
amount, there will remain,. when they combine, a surplus of a 
kind depending on which charge predominated. Thus, if one 
l)ody is charged with i'yi) units of positive and another with 
oO units of negative electricity, their union will result in the 
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neutralization of 30 units of each charge, leaving 50-30 ^^ 20 
units of positive electricity ; and this quantity will divide itself, 
giving each body a positive charge of 10 units, provided the 
bodies are of equal size and of the same shape. 

24. Inductive Capacity. — It is not unimportant what 
substance is residing between two charged }H)dies, as some sub- 
stances permit the induction to take place with greiitcr facility 



Material. 



Inductive 
Cajjacity. 



Air, vacuum at about .001 millimeter pressure . . ; .9400 

Air, vacuum at about 5 millimeter pres-sure ... I .0*.)90 

Hydrogen, at ordinary pressure | .9990 

Air, at ordinary pressure | 1.0000 

Carbon dioxid, at ordinary pressure i 1.0005 

defiant gas, at ordinary pressui-e { 1.0007 

Sulfur dioxid, at ordinary pressure i 1.0037 

Paraflin, clear . i 1.92-2.47 



2.03-2.07 
2.16 



Petroleum 

Turpentine 

India-rubber, piire | 2.34 

India-rubber, vulcanized 2.94 

Resin 2.55 

Ebonite 2..3(>-3.15 

Sulfur ' 2.8H-3.84 

Shellac 2.95-3.73 

Gutta-i>erclia | 4.20 

Mica I 5.00 

Flint glass, very lij!:lit [ ().57 

Flint glass, light , t).S5 

Flint glass, vt.'ry dense ' 7.40 

Flint glass, double extra dense , 10.10 



than others. Drj/ air offers more rcil^tunce to iiub'cti<oi t/mn any 
other substunce. Tiie facility with wliicli :i sul)st;ince allows 
electrcjstatic induction to take place across it is cuIKmI it.s indnrdre 
capacity, and the substance itself is called a dirlcdrir. An insu- 
lator and a dielectric are not necessarily tiie same thin«i ; a ^(K>d 
insulator may be a \h)oy (licUntric, but all dielectrics arc 
insulators. There is this distinction between them, that the 
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more resietinoe a nuhstanrc offers \fi ihe pawsage nf an electric 
current, tlte better inmiMnr it is, while the Um resistance a 
substance presents to an inductive inHuence across it, the better 
liifUclrtc it is said to be. A good dielectric is said to posseaB a 
high inductive capacity. 

The preceding table gives the inductive cjipacity of various 
substances, the capacity of air at onlinarj' atmospheric pressure 
being taken as unity. 

25. The Electrophorus. — The lunount of electrification 
thiit can lie produced by rulibiiig a glus.s rod is rather limit«<I, 
and, in ordtT to produce larger charges on other bodies, the use 




of Bonie oUier ap]>aratUB becomes necessary. This ia found in 
what is callcl an elePtraphoruH, By means of this instrument 
an almost unlimited number of static charges of electricity may 
lie olitaineil fnnn one single inducing charge. It consists of 
two main paj^ (I^ig- *>)i o"« » round cake of roninous material 
cast in a dish, or jian B^ iilHiut 1 font in diuiiieter; and ii 
disk A, liligbtly smaller, mmle of metal, or of other material, 
covered with a conducting sulwtaucc, and providiil with a glawi 
handle, [n modem iuBtrunientj*, H is usually made of ebonite. 
When using the electrophiirus, the resinous c^ke must first be 
beaten or niblied with n warm piece ot woolen cloth or fur. 
The disk, or cover, is then placet! upon the c^ke, touched 
momentarily with the finger to liberate the free charge, then 
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removed ])y taking it iij) hy tlu» luuullc^ It is now found to }fe 
powerfully elec;trifuHl with a iK>sitive cliargo, so nuu-h so, indeed, 
as to yield a considerable spark wlien tlio liand is brought near 
it. The cover may l)e repla(!<»d, toucluHl, and again removed, 
and w411 thus yield any nunilxT of sparks, the original charge on 
the resinous plate meimwhile remaining as strong as ever. 

If the previous experiments in induction have been well 
understood, it should not be difficult to see the reason for these 
phenomena, and, as they serve as a Imsis for elec^trostatic 
machines, it is imix>rtant that they appear perf(jctly clear l^efore 
we proceed any further. 

After tlie cake has been lK?aten with the fur, its condition is 
that of Fig. 7; it is charge<i with negative ele(*tricity. When 
the disk A is approaching the cake, the latter will act induct- 
ively on the disk, and attract a positive charge on its hiwcr side 
and repel a negative charge to its upper side. Thti^e charges 
will increase in amount until thev re^ch a maxinmm, when 




+ + + ± ± ± ± ±-L 




+ + + + +-+- + + + 



•,-.' '■•; - ■ ■'• '■:.■/'■.' ■ ' ''. '■ "/ ''.. ''''■•- •'•/•. '/■■■ '"■■''■■/■. >.; ';;. '•, -, . / '■/••;, - •• / '• ^, ;< • ■// "^ 
-,'"/ ■.■.,.'.■■■'•■//'-'' ■ ■ ■: ■;, y '. '^'/,f jij/j.'^// %/,v.:. .-V;. ';; ' ..r.'/y:../, ';■; '. '•,, ... '!.',. -I.. /■ ./. ''■'/..';■/ '//if./i/)'. 



Flo. 7. 




K.%^%m 



Fif.. K. 



Fio. u. 



contact is made with the cake. Tliis cnnditioii of t-ake and disk 
is repivsi'iitcd in Fig. S. Should tin' disk 1m' now toucluMl, the 
free ncgntivr' char^M' will be iicntraliziMl by electricity ilowing 
tlirougb the observer's body to cartb, while the j>ositivc clec- 
triekv will remain as a boinid cbarire, as shown in Yvi. t). The 
disk (*an now be lifte<l, when the ])ositive cbarL^e will l>e no 
longer bound, and will distribute itself all over tin' disk, as 
illustrated in Fi^^. 10. 

The chnr(j('H (jirrn (o tJtr disJ: trill nut diminish fhr nrifjinal rjifin/t' 
on thf <'(fk'(\ as the action is purely inductive, and the recbarLnng 
of the former could g<> on forever if the cake wer(; not subjectcHl 
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to a certaui amount nf leakage through the atmosphere, J)arUcu- 
larly when the uir is dump. Thi; charge must therefore be 
reiilenished at certain intervals. If a metallic elud ia fastened 
to the bottom of tlie pan B, sn as to pn>- 
ject through the cake near its surface, a 
Bjiark will pass hc-twecn the stud and tlie 
lower side of the disk wlien this is laid 
down on the cake, and the negative elec- 
tricity will be automatically <lischargctl, 
thus dispensing with the necessity of 
touching the dick before removal. 

It was remarked above that, were it nnt _l 
for the leakage from the cake through the 
air, the charging and discharging of Ihi- ' "" '" 

disk could go on indefinitely. Evidently, ihr suii|il\ uf i m i-^'y 
reprcsentvd by each charge must l>e drawn fmni tumiL- sfiurce, 
and it is of some interest to infjuire into its origin. The fact is- 
that, when the disk is removed from the cake, aftt-rlieing charged, 
it offers more resistance against its removal than when it was 
neutral. This supply of muHcular energy is Uie real measure of 
the energy diBiiii>ated in each discharge of the disk. 



I'OTKNTIAJ,. 

3<>. CliauBC of I'otentlal.— The exi«-riments with tlie 

eltctrophonis do Hi>t exhaust all the possil)i lilies of inducing 

cbiugcs in neighboring bodies, 

=^=^^~anij it will be necessary to 

consider some further modi- 

iications. These can liest be 

observed by means of the two 

-^ disks shown in Figs, 11, 12, 

''"'■ "" and 13, where .>4 is a inetal 

plat« insulated from the ground, and B another metal plat« 

provided with a glass handle. 

I^t it be understoiKl that, when mention is made in the 
following of |)oBftive <ir negative iKit«ntial, it will mean tlie 
potential of the free charge on a Ixjdy subject to iJiduction, a 
vhiuge tliHt would tlow to earth if op]Kirlunity were given it 
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The varioufti ixmiMnatiuiiti aij«.l iik niificatioiJF will lie found in 
the following table, witlj the nfi^ulting jMiiential, density, and 
cliarge, tlie imiul^er in the taMe eorresjK aiding to the nuuilierp of 
the following divit^ionb : 

1. Let A, Fig. 11, l>e charged with jM»sitive elw'tricitT and l»e 
wiUiout any connection with tlie gn.»und. 

2. A neutral dil^k B in metallic connection with the ground 
its brought near A in the ix^wtion shown in Fig. 11 ; tlie positive 
charge is drawn towanib B away fr(»nj the lower !?i<le <.»f A. 

3. l-et B Ix; I wrought still nearer to A, an<l more charge will 
l>e drawn towards B, decreasing the density on tlje lower side 
still more. 

4. If now A and B are sejiarated again, the condition of l:»oth 
will) »e as it was Ijefore. 

5. Now let B also l.»e jujifiUrdy charge* 1 and j ►laced in the 
position of Fig. lii, without connection with tlie ground. The 





ii 




Fig. 12. Fig. i:>. 

densilv <ui the bnnr hi<le <»f A is iij<r<a.-«d ; the cliarire is, so to 
speak, driveii away from tlic' iipjM.r sid«*. 

^». L<'t y> hi.' brouglit .-till iicjinT to A. aij<l tin- «]iar<:e ni\ the 
lower side will in(re:»s<\ 

7. Whilf B is in tin* last position. l«t A Im- cMinH-cted with 
the grouinl ; its jjositive cluirL'*' will escapi-. it will have a boiuid 
negative charge, and tli<' jMitrntial will l»e zero. 

8, Disconnect A from the groim<l and n move ]> ; the nega- 
tive charge will he fn*e and spread itself all over -1, and there 
will he a negative j)otential. 

i). Next let yl he neutral and insiilat<'d from the groiuid, and 
//, a negatively-charge<l body, as shown in Fi;i. b'i. Then the 
jM)tential of A will be iK-gative, iMcaiise negativ*^ electricity 
woidd escap<* to the groim<l if it were <'onnect(M| with it. The 
density on the iij>p(»r si<le is j>ositive ; on the lower, negative. 

10. Without changing the i»osition of either body, let A be 
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connected with the ground, when its potential will be zero and 
its cluirge jwsitive. 

11. Disconnect A from the ground, and separate A and B 
slightly ; the potential of A is then positive. 

12. Let B come nearer to A than it did in position 10 ; then 
the i)()tential of A l)ecomes negative, because negative electricity 
would escape from A if coimected with the ground, but the 
charge is positive, as before. 

The conditions of conductor A during these experiments are 
shown in the following table : 

CONI>ITION OF CONDUCTOR A. 

Density. 



NumVjer, 

1 
■2 

3 
4 

5 

6 
7 
8 
9 
10 

11 
12 



I Potential. 

Positive 

! Positive, but less 
than in 1 

Positive, 
but small 

Positive 

Poedtive, but 
greater than in 1 

Positive, and still 
greater than in 5 

Zero 
Negative 
Negative 

Zero 

l*o8itive, 
but small 

Negative, 
but small 



Upper Side. 

I Positive 

I Positive, but 
greater than in 1 

I I\)sitive. uiid still 
I gn.>utcr than in 1 

I Positive 

I I*ositive, but less 
I than in 1 

Almost none 

Negative 

Negative, but less 
than 7 

Positive 

Positive, and 
greater than 9 

Positive, but less 
than 10 

Positive, but 
greater than 10 



Lower Side. 



Charge. 



Positive 

Positive, but lesi 
than in 1 

Positive, but less 
than in 1 

1*081 live 

Positive, but 
greater than in 1 

Positive, and still 
greater than in 5 

None 
Negative 
Negative 

None 

Positive, 
but small 

Negative, 
but small 



Positive 
Positive 

Positive 
Positive 
Positive 

PosiUve 

Negative 

Negative 

None 

Positive 

Positive 
PosiUve 



27. We see, from the interesting phenomena in Nos. 10, 
11, and 12, that, l)y a small motion of B either to or fro, the 
potential of A is changed from zero to either positive or nega- 
tive. To make this still clearer, let us repeat the last experi- 
ments on the elwtroscope in Fig. 14. 
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Let B 1)0 jxiveii a iu»gativu char^ie and A be neutral ; when B 
is se])anited from A l>y a distance d, eonnei-t -1 for a moment 

with the ground and again 
insulate it. The negative 
charge will then have escaped 
and the potential is zero ; the 
gold leaves will therefore not 
diverge. Remove 1? to a dis- 
tiuice a little greiiter than dy 
and the gold leaves 'will 
diverge with positive elec- 
tricity, lufi^ause the j>otential 
of ^ is now i)Ositive. 

Hring B a little nearer 
than (/, and the gold leaves 
will close and ininicdiatt^ly diverge again with negative elec- 
tricity ; the jjotential is now ni^gativc. 

28. Conditions (iovernln^ l*otontiul. — From these 
experiments wt^ have t^rvw the inlluenrr of the eU*<rtric charge 
on the j»ot(.'ntial of a ronductor, an<l it has huen noticed that 
the pot<'nti:il drjH-nds on the sign Mini lunnunt of the free 
chargt'. Tlir cxju'riiiH-iits, particularly tlu* l;i>t thrri-, have also 
(lrni()iisti:it('(l tli:it the potriitiiil nf a (;on(lu(t«»r depends on its 
j>nsitiuii in relatinii to othrr iMMlits. 

It MOW remains to investi^-'ate the iiilluenet.^ tin* shape of a 
coii(liiet(>r has on it.- ])Otenlial. To dn tlii> we will again use 
the aj)paraliis in Fig. 11. Let /> !><• laid on A ami a charge 
given to tlieni while in contact ; tliev will then act as one con- 
dnctnr, and the gold leaves will diveige in ])r(»pnrlion to the 
charge given them. It is now found that. <>n sliding /> on A, 
or lifting om^ side of /> without s(])irating them, the divergence 
of tlie gold leaves will decrease. ()ii puttinir // l»aci< into its 
ori;:inal ijosition, the diverizence of the i^old Icavt-s reirains its 
original value, j)r(»ving that tin." alteration of the form of the 
compound hody A II aitcis its potential witlioui altering the 
amount of electriciiv on it. 

Fn»m all this \\c linally draw the con<"lusion that Un- jtntnUial 
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of a nmdfictor (^an be varied (1) />?/ altering the charge of electricity 
on it; (2) />?/ altering the external shape of the Cimdtictnr xoithont 
altering the charge of electriciig on it; and (8) by altering its posi' 
tion relative to other bodies, 

29. liocation of Charge. — The preceding experiments 
also make it dear that the eUctricity at rest resides only on the 
surface of a conductor, and, so long as we have to do with elec- 
tricity at rest, it is immaterial whether the conductors are of 
solid or of hollow metal, or whether they are simi)ly made of 
wood and coated with tin-foil or gold-leaf. It may he well to 
give some additional proof of this assertion, which may l)e done 
in several ways. 

Let, for instiince, a hollow metal hall with an aperture at the 
top he supported on an insulating stem and a charge given to 
the hall. In order to examine the density of the charge on 
various parts of the conductor, use is made of what is called 
a proof-plane, a little disk of sheet copper fixed to the end of 
a glass rod. If this disk is laid on the surface of an electrified 
body, part of the electricity flows into it, when it may be 
removed and its charge examined with an electroscoi)e. Such 
a i)roof-plane, if ai)i)lie(l to the surface of an electrified ball and 
then brought in contact with the knob of an electroscope, will 
cause a divergence of the gold leaves, showing the presence of a 
charge. If, now, the proof-plane is inserted through the ai)er- 
turc and touched against the inside of the globe and then 
withdrawn, it will })e found that the inside shows no sign of 
electricntv. Even a cylinder made of wires interwoven with 
one anothiT will show no sign of electricity on the inside, if the 
meslu^ are not too large. 

If two hollow hemispheres of copper are plax^wl together over 
a charged copper bjill without touc^hing it, the inner ball will 
rctiiin its charge only so long as it is not t<iuclHMl, but whcni it 
is touchcHl the charge will instimtly pass to the exterior l)all, 
and the inner ball is, on removal of the outer, found to be com- 
pletely discharged. This tendency of a charge to rest only on 
tlie outside was shown in a most striking wav by Faradav. A 
coni(!al l)ag of linen gauze was sui)ported ujM^n an insulating 
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stand, and a silk string attachf^l to it« :ip»-x l»y nit^ans of which 
it f^nld he tumerl in.<ide ont. When rhanreil, the eleetric-ity 
wa« found to reside on the outside, an<i, when the hag was 
turned inside out, the charge was again on the outside, leaving 
the ingirle without a trace of electricity. 

30. KxceptIon», — There are a few exeepti«>ns to the law 
that electricity always resta on the outside i»f a con«luctor. 

1, The presence of an electrified IkmIv insitle a hollow con- 
dnct^>r arrta inductively on the latter, and attnu^ts an opposite 
kind of electricity to the inside of the conductor. 

2. Electricity in mUif/n does not flow on the surface only, 
but through the sulietance of the conductor. This law is there- 
fore iimitefl to an electric charge only. 

In medical practice, physicians employ a type of electrical 
apparatus calle<l iftatu machine, which supfdies electric charges 
of very high pressure. As long as these charges can he main- 
tained at rest and separate, they follow the laws of electrostatics. 
But whcm they are allowed to unite, an electric current will be 
producefl that will follow the same laws as any other electric 
current. In electrotherapeutics, the charjres are always allowed 
to unite, whether intentionally or not. If the attempt i=?hould 
lie mmle Uy keep them separate, such separation could not 
1)€ maintained by reason of the hi^h pressure of the charges 
and the chances fr)r leakage. Conserjuently. we have no longer 
to deal with electricity at rr-st, or static electricity, hut with 
electricity in motion, that is, with an electric current. 

Much confiiHion has been caused l>v the idea that static 
elwtricity always remains static electricity, no matter whether 
it is in Tnr)tion or not, and that in either case it is electricity of 
a kind dilTerent frr)m that in an ordinary electric current, 
and therefore subject to different laws. Static electricity as 
employed in electrotherapeutics has no nHMlical value while 
at rest. Moreover, no one can jjrove that clfH'tricity resides 
only on the surface of a patient's body during any form 
of actual treatment, tvhilr' every evidence tends to prove 
that the internal tissues are affected and traversed by the 
current. 
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The first exception may lie proved by the following experi- 
ment : A in Fig. 15 is a hollow conductor, in metallic connection 
witl) the electroscope II; C is a metallic ball with a ixwitive 
chaise. When the ball is lowered into A, a motive charge is 
attracted to the iiigide ot the conductor and a [XMiitive chaise 
rej>elled to the outside. The gold leaves will diverge more and 
more with a positive charge, until tlie ball is well inside tlie 
conductor, when they remain stationary. If contact is now 
made between the bull and the ineide of the conductor, no 
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effect will lie noticed on the gold leaves, which proves that the 
charge on tlie inside of the conductor and that on the t>all are 
precisely ujual in amount, hut of opjioBite eigus; when unit«d 
lliey will therefom neutralize each other, and leave the iwwitive 
charge on the outside, aa before. Tliie hollow conductor, or 
electric cage, ae it is sumetimes called, affords a very ready means 
tor comparing and examining charges on small bodies. They 
neitl not lie discharged, but simply lowered into the cage ; and 
tlie induced charge repelled to tlie outside will Iw of tlie same 
tiigii and (piantity as the inducing charge, and can therefore 
readily be examined by mums ot the electroscope. 

31, Ulstrl billion of Charse. — A static charge of elec- 
tricity is not usually distributc<l utiifuruity over the surface of 
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coiulucting Inxiies. Ex})erinieuts show that there is more 
electricity on the edges and corners of bodies than on tlie flatter 
parts. A chargi'd sjjliere, if not exi)osed to the inductive influ- 
ence of any surrounding bodies, will have the electricity evenly 
distril)uteil all over its surface ; that is, its density is uniform. 
The density on two similarly-charged spheres in contact with 
each other is found to be a maximum at the parts farthest from 
the point of contact, and a mininmm in its neighlx)rhood. If 
the spheres are of unequal sizes, the charges being ecjual, the 
density is greater on the smalkr sphere ; in fact, a decrease in 
the radius of curvature increases the density until, when at last 
the radius is so small as to practically be a i)oint, the density 
has increiised to such an amount as to be able to electrify the 
neighl)oring }>articles of air, which are then repelled, each carrying 
away part of the c;harge with it, tlnis contril>uting to a constant 
loss of charge. For this reason, iK)ints are used Avhen it is 
desired to secure a rajnd discharge, but must be avoidcnl on all 
parts of electric machinery where a crharge is to remain constant. 



CAl'AC rrV OF condixtors. 

32. Cai>ju*ity. — Tlie el(M*lr():?tatic aijnicih/ of a conductor is 
m<*asurc'd by the (juaiUlti/ of elect riciti/ that can he Imparted to it 
h(Jure its jKtteutud /.s raised from zero to tniittf. 

To make the meaning of electrostatic ca])acity clearer, let us 
consider the caj)acity of a rubber bag when it is filled with 
water or gas. lis cul)ic cinUeiit.s is not limited to one delhiite 
(juantity ; on the contrary, it can vary between wide limits, 
depending on the j>ressure to which the water or gas is subjected. 
By pumj»ing more gas into the bag, under an increasing pressure, 
the capacity of the bag will increase and also the pressure of 
the gas c-ontained in it. 

A charge of electricity will act in a similar manner. The 
numl^er of coulomb.s re>i(ling on the surface of a conductor 
must not be consi(lere(l as a lixed (juantity, (lependin.Lr on the 
extent of it.s surface. It is, as seen in the ease of the I'ubber 
bag, also dependent o\\ the pressure ; the liiglur the latter, the 
more compressed or dense the charge may be said to be. The 
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smaller the al)ove-meiitione<l l)a<jj is, tho loss (juantity of gjus will 
he reijuired to raise the ])r(*ssiirc ; similarly with an eleetrie 
eonduetrjr, the pressure will incn^ose more rapidly if its capacity 
is small. A small conductor, such as an insulated sphere of the 
size of a pea, will not want so much as 1 unit of electricity to 
raise its potential from Oto 1, and is therefore of small capacity ; 
while a large si)herc will retjuire a large cjuantity to raise its 
potential to the same degiu?(% and could therefore he said to he 
of large capacity. It is, then, necessary to know hoth the 
capacity of a conductor and the iK)tential of the charge hefore 
any idea can he had of the <|uantity of electricity colUxtted on a 
given conductor. 

v^svr or cai^actty. 

fjf*?. The Farad. — If it is necessary to charge a conductor 

with 1 coulomh of electricity in order to j)roduce a ])ot(?ntial of 

1 volt, it is of unit capacity, and this unit is called a farad. 

When the (juantity is given in coulombs and the i>otc»ntiaI in 

,, ., -A • i- I coulomhs 
volts^ the capacity m Jarads = — ^r: , 

Example.— If a charge of 200 coulomhs increases the pottMitial of a 
coiuliicU>r to 50 volts, what is the capacity of the conductor? 

2(X) 
SoLCTioN. — . - = 4 farads. Ans. 

.')0 

MIeii>farad. — As the fara<l is too large for ordinary pur- 
poses, it is customary to use oidy oncvmillionth ])art of it, which 
is called a microfarad. 

CONDENHEUS. 

34. Action of a Condenser. — It has been sliown that 
oi>posite chargers attnict an<l hohl each other; that el(H-tricity 
cannot flow through glass, and yet can act across it hy indu(^tion. 
We have also si^en that two i)ith-halls, one (•IwtrifnHl jiositivc^ly 
and the other negatively, will attract each other across the inter- 
vening air. After int<:'riK)sing a plate of glass, they will still 
attract <'ach other, although the electric chargi^s on them caimot 
pass through the glass. 
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If a inoi^e of tin-foil is fastened upon the middle of each face 
of a thin pi(K*o of glass, and one of th(» pieces is electrified with 
a i>08itive (charge and the other with ji ni'gative charge, the two 
charges will attract each other ; that is to say, they are not 
residing on the tin-foil as free charges, for it will he found that 
on touching either of the foils priictically no discharge will take 
place. We must therefore conclude that each charge is inducing 
the other — that they are bound. It will be found that these two 
plates of tin-foil may he made to receive a much greater 
charge in this manner than either of them could possibly 
re<*eive if placcKl on the glass alone and then electrified. In 
other words, the capacity of a conductor is greatly increased 
when it is placed near a conductor eleclrijicd with the opposite 
kind of charge, 
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A greater ijuantity of electricity may lliereforc he ])ut into 
the conducttor before it is charged to as liigli a ]>otrnlial as it 
would b(^ without tlie pn*S(^ii(*e of tlio other eoiubu'tor. Such 
an arrangement for lioldin*: a lar*re (juantity of eb^'tricity is 
calbvl a condenser of electricity, or simj)ly a nnuhnser. 

It is of importance to examine more closely tin* pro]K»rtics of 
su(;h condensers. Let us tlierefore take two })lates A and B, 
Y'lii. ir>, interpose a glass plat(^ r" between tbem, and see what the 
effect will be when B is chargetl with ]>ositive electricity from 
some generator of static electncity and A is connecte(l with the 
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ground. The piwiitive charge on B will, through the glass, 
induce a n^ative charge on A, and repel the positive electricity 
to the ground. The ni^ative chaise on A will collect on the 
face nearest Ji and react on the jwsitive charge of the latter, 
attracting it nearer the glass, when more electricity will he 
supplied from the generating sour**. This inducing and rein- 
ducing across the glass will continue as long as the potential of 
the source b ahle to add new charges to B. In fact, the effect 
will he the same as though a current was constantly -going 
from .H to ^ through a constantly increasing resistance, and 
then to the ground. 

If the two plates are hnmght nearer to the glass, the attrac- 
tion between the charges will increase and the inductive action 
will l>e greater ; a larger quantity cam therefore be accumulated 
on the plates. After the disks have hecn strongly chai^d, the 
wires may be removed and the disks brought farther away from 
each other. The attraction between the charges will now he 
less ; they will be less l>ound, and more of the charge will he 
free, and able to spread over the surface, That this is so con 
be seen by watching the pith-balls suspended from the con- 
ductors on each side. They will divci^, giving the impression 
that new charges have been added t^) A and B, while the fact is 
that the capacities of A and B have diminished, giving them 
the appearant* of l>eing more clectrifieii than Ijefore, l)ocause 
there is a greater quantity of free charge. The ground-plat*? A 
has the effect of greatly increasing the capacity of an insulated 
conductor, tlie surface density on the side opposite the ground- 
plat« being very great. 

It will be noticed that in Fig. 1() the pith-ball pendulums do 
not diverge through the same angle; this is a result of the 
method of charging the condenser. It is evident that, when B 
b connected to tlie generating source, the right side of B and ita 
rod will have the same potential as the machine, while the left 
side of A and ita rfxl will have zero |)otcntial. When A and B 

e disconnected from the ground anil generator, respectively, B 
still retains the surplus of electricity residing on its right side, 
while the loft aide of A is still at zen> jiotentiai ; bonce, Uie 
pendulums will remain as hefon-. 
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fJ5. Condensing Vnrcv, — I^^t us deiioto the total quan- 
tity of electricity <»n H by 1 ; it will 1h' jK>ssil»lo hy induction to 
retain n chnr^'e on .1 that is somewhat smaller, which char^ we 

will ('all m J will then he the ratio of the charge on yl to that 

on /)\ It follt>ws that tlu? charge m on A should he able to 
hind a charjre on H l)earinjx a similar ratio to itself, which would 

he m y -- )n^. This (juantity m* represents, therefore, the 

amount of ehar^^e held or hoinul on /? l)v the charge on A, 'By 

sul)traetinjx ^"^ from 1 we have 1 >/<* as the free charge on J5, 

a (!har<re that can he removed hy connection with the ground. 

This (junntily 1 m' is all tlu? electricity that would collect 

... I 

on It it mIouc ; i\u) ratio , . therefore represents the so-called 

condensing force acting on the ]>late />. The value of vi is 
found hy cxpcrinunts. If it wen* .1)*.), the <juantity of electric- 
ity that wouM collcM't on /> would he ^ -— 50 times the 

1 . • 't * 

(jUantity it wouM he ahle to keep if {done. 

»>(>. Condenser of I'nit <'npji<dty. — The capacity of a 

condenser is <lrlined hv tlie nuniluT of e(»nl«uiil)s necessary to l>e 
jj;iven to one e(»atin^r N\in*n the p(»tential ditlerenee l>etween the 
two eo.'itinL^s is 1 volt. 

A eondens^T is of unit cdjKirjiii^ oj- nf 1 hirmJ^ wIhmi a ))otential 
(lilTerenee of 1 volt lutween its two set> of plates charges each 
one of them with 1 eouloinh. 

♦ J7. Conditions (iovc^rnin^ Capacdty. — That the size of 
the coatings inlhnnces tin* capacity of a cnn<lenser, and is 
dii'ectly ]»ro]M)rti(>nal t<) the sani<\ will hanlly nee<l a ])roof, 
hecnnse a la rue one may simj»ly he supposed to he made U[) of 
Several smaller ones. The aiiirreirate area of one set of coatings 
of the smaller condensei's woidd he ((pial to the area (►f one of 
th<' continue of the laru'<'r. 

\\'e hav(^ alreadv seen that the nearer th(^ two conductors are 
])lace<l, the more intense is the inductive action hetwt^Mi them. 
It <'an he proved exjK'rinicntally that the <'apa(»ity of a condenser 



§3 



ELECTROSTATICS. 



29 



with plain i)ariillel jiJates is inversely i)roiM)rti()nal U) the dis- 
tance between the coatings. We have also found that the 
dielectric medium i)lays an at^tive part in induction, and that it 
is al)le to diminish or increase it, depending on the sulistiince of 
which it consist^. From this we conclude that the capacity of a 
condenser dei)ends on (1) the size and form of the condensing 
]>lates ; (2) the thinness of the dielectric medium In'tween 
them ; (3) the inductive capacity of the dielectric medium. 

If the charge of a condenser in coulom})s he called A', its 
capacity in farads I'\ and V its j)otential difference, then 



K ^ F X r. 



F = 



K 



V ^ 
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F' 
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(0 



From formula ((() we see that K may he increasal hy increas- 
ing either F or V, or both. When used with sUitic electrical 
machines, to ]»e described lat^T, the potential is usually made 
large, while for galvanic batteries and other sources of current 
having low iM)tential the capacity is increased. 

38. The LieyUeii Jar. — When it is desirable to have a high 
j>otential difference between two charges, the Lieydeii Jar is 




Fia. 17. 

found to be a ('onvcnient form of condenser. It consists of a 
glass jnr J, Fig. 17, coated up to a <;ertain height on the inside 
and outside with tin-foil. A brass knol>a is fixed on the end of 
a stout ))rass wire, which passes downwards through a lid or 
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fc$topi)er of dr)', well- varnished wood, and i^ connected by a loose 
piece of hniKs chain witli the inner coating of the jar. To 
charge the jar, tlie knol) is held to the prime conductor C of an 
electrical machine, the jar heing held either in the hand by the 
outer tin-foil, or conuecteil to tlie earth by a wire or chain. 
When a posittir charge is tliua imparted to the inner coating, it 
ac^t« inductively on tlie outer coating, attracting a negative charge 
to the side of the outer c^)ating nearest the glass, and repelling a 
positive d large to the outside of the outer coating. This outer 
charge ) Kisses througli the hand, or any conductor connected 
with the jar, to the earth. 

Tliis form c»f Leyden jar has several weak points, the main 
one being the dilliculty oi keeping the outer and inner coatings 
well insulated from each ntlier. It is known that moisture 
collects very readily on the surface of glass, and that this, and 
the (lust that is always lial)le to eolknjt, make it possible for the 
electric crharge to leak from the ]»rass wire across the stopper and 
the outsid(i of the jar to the outsiile coating. 

An improvement on this form of Leyden jar is one without 
any wooden lid or stoi)per, wh(»re the stout brass rod rests 
(lire(!lly on the bottom of the jar, thus utilizing the whole length 
of the inside and outside glass surface, as well as the air-space 
between tbeni, as insulators. 

3 J). A form sujKTior to tiitlier of these is one designed by 
8ir William Thomson, consisting of a ghuss cylinder witli an 
outer eoating of tin-foil, l)ut half tilled with strong sulfuric acid, 
instead (.)f having an inner coating of foil. The brass rod is 
here su[»plantecl by a l<*aden ro<l exi)antkM.l at its luuse to form a 
foot so as to stand lirmly on the bottom of the jar. The top of 
tbe jar is chased with a wooden cover having an aperture in it to 
avoid contact with the rotl. The sulfuric acitl absor])s all the 
moisture that may be ))resent inside tbe jar, keeping the ghiss 
in a highly insulating state, and, as the rod does not touch the 
cover, no current can i)ass except through the licjuid. 

40. Location of C'liarjare. — Benjamin Franklin discovered 
that tbe seat of tbe ebarge in a Leytlen jar is not on the tin-foil, 
but on tbe glass, lie proved this by so making the coatings of 
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a jar that they could he separated from the jnr niter the liitti^r 
had heen charged. He then f^mnd that the coatings ooiitamefl 
very little electricity, Aft^r hjivint; rLvt*ired them to n neutral 
condition, the jar was put together again. It waa now found to 
have a charfte almost as large a-s before, proving that the coatings 
merely serve the purpose of distributing tlie chaise over the 
surface of the dielectric 

41. Residual Chargre. — It w;ia also found that, after a 
Leyden jar hafl been ' ' dischargc'd, ' ' there remains a certain resi- 
due of charge on the glass, which after a while will emanate and 
collect on the surface, and will ho able Ui give a second spark. 
This can be repeated a number of times, each succeeding spark 
beei>niing feebler and feebler. It is known that the dielectric 
between two charged (watings is subject to a certain strain or 
compression, so much so that a Leyden jar can lie shown to have 
increafii><l in volume, and when charged, if it is of thin glass, it 
may break under the strain. 

42. Battery of Jars. — If the knol>8 and outer coatings of 
several Leyden jars are joined together, they will conslitute a 
l>attei-y of I^j-den jars. The potential difference between 
(he two coatings will he the same, but ita capacity will increase 
in proportion to the numl)er of jars. A battery of thb kind must 
lie handled with gri'at cai'e, as a shock fnim it may be very severe. 

43. Isolated CharKcs.^In the preceding pages we have 
spoken several times al>out i.solat^rl ehiirges, either positive or 
negative, on insulated iMdies. This has lieen done for the sake 
of convenience, so as not t^t unne<^e88arily complicate the subject 
in hand ; hut if the student has taken the matter of induction 
well under consideration, there will by this time have been 
aroused doubts in his mind as t^> whether an isolated charge of 
any kind really could exist. 

It haa l>een shown that the induction between two bodies will 
decrease with the diatanw between tliem ; from this it would l>e 
supposed that, when these experiments were perfonned in the 
limited space of a room, the surrounding objects would he subject 
to induction. The fact is we cannot charge one Iwidy alone — 
cannot place a tungle charge of electricity anywhere wittiout 
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liaviii^ :in t^\uii\ <|U:iMtity of opposite 8ijrn somewhere else. 
Nt'ithcr is it |)ossil>l<' to have two ImmUos clmrped with the same 
kind nf rliN-tricity witliont bavins a third Ixnly charged with a 
n»rn's)N»ntIins f|uantity <»f tlio op|H>site kind. 

1^'t Ki;r. I'S rcjinst'iit a nnun A with two conducting bodies B 

and C placoil therein, both 
^ < liargod with po8itive electricity. 

Wo know from our previous 
invi'Hti^ations in inchiction that 
a (rharjjfc of a nt^gative kind will 
b(» induccHl on the walls of the 
r(K)ni, and that the charges on 
tht» conductoi-s will l>e distrihutetl 
unevenly on their Hurfaces, in 
a manner illustrated in the 
liinn'r. Wc have said that two 
o»n<hictors (^harj>;ed with positive 
('l<M'tri<ity will rq>el each other ; 
it lias also ))een (juotod as a fact 
tlint tw<» condurt^jrs oppositely 
rli:iri:«<l attract each other. 
In i1m' j.irsriit iii>taii(r, /; ami (' move away from (Mich other 
:m.l I.imI to aji|>rn:i(li tin- walls ; l.nt wliat is the caUSO of this? 
I> it attrarlion or npul-ion? As it lias never been jjossible to 
slnilv tin* heliavior «»!' two si n li la rlv -chained Ixxlies at an infinite 
(li>tan(r from anv other lM.«lie^. it \< i<allv H'>t known whether 

il is j »•»>.- i Me for two eliari!<<l l»o<lie> to irpel eaeh otluT. It is 

tlieref'Me |M«jl.:iMe that, w hell ail a|»]>areiit rejiul-ioii takes place 
hilwren the lioilie> //jiinl ( \ tln'li' inoiinn is ill reality eauscHl hy 
an atlraelion hetweeii thein and the adjacent \valls. It will 
therefore lu" mmh that everv char^'d hodv forms a condenser 
with ^ollle other :idjacent hody, he it the lloor, e<•ilin.L^ or walls 
of :i i(ii»m, t»r pieet s <if furniture, <»r the (XjMriinenter himself; 
ihev all ha\e mhuc intlneiHc, one ]»erhaps more than oth(*rs, 
dejiendim^ on its position «»r th*' jiresence kA a char;:** on its 
^mfaee. 'I'l* have a ehamed condn<'tor so j)laced that its eliarpje 
will he evenly <li>t lihutetl, imalTecttMl hy its snrniundings, will 
therefore he a condition vcrv dillicult to fulfil. 
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STATIC MACHINES. 

44. As till) electric chai^jes thai arc obtainable from an 
clfelniplionis are nitlier limited in (juantity and of ri;Iatively 
liiw |K>tential, machines wurc early devised for the jiriHluction of 
\nTji;i: eliK^rostjitio charges. There are two hiijiortiint types of 
electruslatic, or, as they are usually termed, static, machines. 
The older of these machines, the frictioiiiil machine, has now 
been almost entirely sui)erseded by the induction niachhie. 



STATIC FUICTIONAI^ SLACIIINTie. 

45. Tiiese machines are now obsolete, but as a description 
lit them makes it easier to jinisp the ])rinci]ile of the intluence- 
maehintt, they will hei-e he treatwi tiRit. There are two claases 
of tliwio : the cylinder machine and the plMe machine. 



TIIK t-YUMIElt-MACllIMX:. 

4(>. This machiiK; consistH of three i»rineiii:d |Mirts : (1) a 
cylinder of gla>-s revolving nixni a horizontal axis ; (2) a rubijer 




or riishion of horsehair, to which is attache<l a long filk flap; and 
(•'!) an insulated metallic cylinder called a prime conductor. 
In Fig. Ill, the cushion of horsehair u, eovereil with a coating 
of amalgam of zine, presses against the glass I'vlinder b from 
behind, allowing the oilk lla)i n to rest upi>n the n|))icr half of 
the glass. The prime conductur C is provided at one end with 
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a row of fine metallic spikes, and is placed in front of the 
machine with tlie row of spikes projecting towards the glass 
cylinder. When the glass cylinder is revolved, a 'positive charge 
is produced upon the glass and a negative charge upon the 
rubber. The positive charge is carried around upon the glass 
cylinder, and acts inductively on tlie prime conductor, attracting 
a negative charge to the near end, and repelling a positive charge 
to the far end, whence it can be collected. The row of spikes is 
therefore strongly charged with nqi^ative electricity. The effect 
of charged points upon surrounding air has already been noticed ; 
in the present instiince a strong current of negatively-charged 
air will l)e driven against the positively-charged cylinder, thus 
neutralizing the positive charge and leaving the glass in a neutral 
condition, ready to l)e excited again. Sometimes the action of 
the spikes is somewhat erroneously stated to l)e that of drawing 
the positive charge from the cylinder. 

When the cushion is insulated from the ground by being 
mounted on a glass rod, as in tlie present instance, the negative 
charge ca.n also be collected from the l)rass knob, visible at the 
rear of the cushion. 

THE IM.ATK-MACinXE. 

47. The plate-machine is similar in all respects to the 
cylinder-machine, with the exception that a gliuss or ebonite 
plate is used instead of the glass (cylinder, and that there are 
usually two sets of ru]>])ers or cushions instead of one. Each 
set of cusl lions is dou])le — that is, made in two i)arts — with the 
plate revolving ]>etween them. One set of cushions is placed at 
the top of tlie maehine and the other at the bottom, with silk 
Ihips extending from each over a (juadrant of the plate. The 
charge is e<)llected on two prime conductors connected by a 
metal rod, each provided with a row^ of line spikes at one end. 
Tliey are pla(*e(l in surli a i)ositi(Ui that the two rows of fine 
spikes project towards the glass i>late at o]H)osit(; sides of its 
horizontal diameter. The electrostatic action of the machine 
is in all respects the same as that of the* eylinder-niaehine. 

Both the cvlinder- aixl platc-inachines are nothing else than 
macliincs imitating tlic I'rictional action of rubl)ing a glass rod 
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with a piece of silk, tlie action being made continuous ami on a 
larger scale. As the electrical cner(;y Btijrcil up hy rubbing the 
glaea rod and ecparating it froni the silk Kas einiply the work 
done in seimraling them, and not in any way pn.iportional to 
the energy loBt in friction, so with the trictioiial machines all the 
useful work consists siinjily in separating the positively- 
electrified portions of the n»tating glass cylinder or plate from 
the negatively-electrifieil silk cushions. Most of the work 
exiwnrled in turning the glass plate against the frictional 
resistance of the cushions is com[)letely lost in heat. The 
machine is therefore very inefficient, and a method had to be 
devised by which this large amount ot frioliiin should be elimi- 
nated. This was found in improved types of static induction- 
machines, which have at present completely driven the 
friction-machines out of the field. 



STATIC INT>UCTION-StACIIINES. 

48. Funda men till Pi-loelplcs. — When the action of the 
electrophoniB was considered, it was seen that its action w:is 
founded on induction entirely. As an apparatus for delivering 
charges by inducdun it is a very good exunjp]«, Iml one objec- 
tion to it is its slowness of a^^on. We can hnagine this 
overcome by an lurangenieiit in which the disk would move 
iMickward and fonvard between the cake and an outside contact, 
constantly dialing the latter with positive electricity ; hut even 
then tliere is a serious fault inherent in the method, namely, the 
impoBHihility of raising the potential lieyond that ot tlie cake. 
Here it is that the great advant;ige of the induction-machine 
comcB in, where it is practiiaJly ^HHisible tti liegin with a small 
initial chaise, and, by adding to it little by little, increase it 
until at lust a very high (Hitcntial is rciiched, 

The apiwratus illustrated in Figs. '20 and 21 will give a good 
idea of the principle on which the inllucnce-muchine rests. It 
is mainly a rejietltion ot the exiwrinient with the ctwrtric cage 
iUufltrated in Fig, 15. D and K are two metiillic cylinders 
insulated from the ground ; there is b small potential difference 
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between them, D having a aiiiall positive and E a anull nega^ve 
cbai:g& A and B are two neutral conductors, auBpended by eilk 
threads ; in Fig. 20 they are shown to be in commanicatioa 
with each othei by means of the thin wire IK fastened to the 
insulating stand C. The following will now take place : D will 
attract a n^ative charge on the ball A and lepel a pocdtlTe, 
while E will attract a positive charge on tiie ball B and rep^ • 
negative. The positive charge repelled on A will imiie with 
the negative chaige repelled on B through the wire W^ aiid they 




Fio. 2a 
will neiitnilizt; each utlicr, kaving a bouiiil jweitive charge on B 
and a Ijhuik) nc^Mtivo charge uii A. If now tliti coiiununication 
between tlic balls is linikeii by rwiiovii] [mm the wire W, and^ 
is insertcKl in cylinder E, a.nt\ B in rylimler D, tliuy will both 
inilncu chjir(;i« of mi o|)iH)site kind inside their respective 
cylinders, rujielling u diui^e of the giinic kJiiil to the outside, as 
rcprcsenlcd in Fifi. 21. Wlicn at lust tlie Imlls make contact 
with the cylindem, tlic churps on the inside will unite with 
thoKC un t)]c ballK and neiitr.ilizc one anoDier, nri^nlting in an 
addition to tlie i^ositive rlmrge im I) and the nifjative on Ei 
When .-I and B art; reniovL-d fnini tljeir ri-s|nftivf cylinders, 
they are entirely discliai^'d, and ean afjain lie (jliieed in tlie 
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pueition indicakd in Fig. 20 ; liut as they arc now subjected 
to a stronf;er induction, tho Imund and tree chaises will bf 
greater, and they will be able U> deliver greater charges to the 
cylinders. It can easily be seen that, by reiwatinji these manip- 
ulations, tlie potential difference Iwtween D and E will con- 




stantly increase, and will after 
indeed be eaiil 
interest law. 



while Ije very high ; it may 
the rate of tho compound' 



THOMSON'S REl'LENtSIIKIt. 

49. Const r u I- 1 1 on and. Action.— An iqipiiratUH hiiilt on 
these prinriples, hut I'ontinuinia in its action, and called a 
replenlsher, was devised by Sir William Thomson (in 1867), 
and is illustrated in Figs. 22 and 23 in diagrammatic vievra. In 
order to better compare them, the parts corresponding with 
those of Figs. 20 and 21 have been marked with the same 
letters. D and K are Btationary brass conductors, A and B 
brass carriers fneUine<l in the ends of an arm /', made of elnnile 
and revolving with the npjndle G in the direction indicated by 
tho arrow. In place of the wire W in Fig. 20, we have here 
a wire 11' with two springa W\ and, instead of ti^iuching the 
cylinders with the IhiHs, as n-prcscnted in Fig. 21, tfierc are two 
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«>iit;u't-sprinps S, S ])rc»j(HJting through nn apiTture in the induc- 
tors, and roinuN't^Ml eltH'tricully with them. It is suppoBed that D 
has a small |N)sitivo cliarpe, and E a small negative otie. Fig. 22 
represents the ])osition at the moment when A and B are under 
the indnetive intliienee of the conductors D and E; at the same 
time tiiey art* (^^nneetc^l with ejich other l)y means of the 
sprin^rs If and wire U'. Negative electricity is bound on the 
exttTior side of .1, while a ix)sitive charge is made free ; on B sl 
positive elianrt* is 1>ound, while a m^gative charge is free. The 
free eliarges will unite thn)Ugh the wire Ifand neutralize each 
other, and, when /•' continues its rotation, there will be a free 
negative ehai-ge on A and a free iM>sitive cliarge on B, Fig. 23 
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reju'estnts the ]»osition in wliieli tlie earriei-s uinke contact with 
the sjnin^^< N. The ni'trative ehar^'e on A attract^s positive 
<'lectrieit y to the inside of A', and n^jxls a negative charge to the 
outsiclr ; tht» sjiring N estahlishes eonnnunieation hetween the 
negativi" charge on A and the jxisitivo eharge on E, and a 
nentralizatiiin takes place, leaving on /s an increased negative 
charge. A similar action takes place on />, leaving it more 
strongly chargi'd ]>ositively. The carriers A and Ji are now 
disrhargcd, and, whrn they again reach the springs If, they 
will he su]»jrct to a stronger inthiction than ht^fore, and will 
thus i-ontinue ndcling to the ("harges on the inductors. If the 
action of this " ni»lcnisher '' is thoroughly understooil, it should 
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not be difficult to understand the action of the modem iiiduc- 
(ion-machine, which ordinarily, without due etudy, is not quite 
easy to grasp. 

The most important types of this class are llic Toepler, Huliz, 
and Wiviikurst machines, so named after their inventors. In 
this country the Toepler and Ilultz machines are mostly used, 
but as the latter is not self-charging it is provided with a WJms- 
hurst machine for the purpose ol giving it its initial charge. 



THE TOBPLER MACniNG. 

50. Introductory. — The static induction-machine was 
independently invented by Toepler and Hollz in 1865. The 
principles of both are very similar, though they differ some- 
what in construction. There are variations or combiuatione of 
both, but these may be easily understood, when the (undameu- 
tal principles have been studied. 

The Toepler machine may be considered as a Thomson replen- 
isher, the difference being that the carriers are placed on 
revolving glass plates instead of fonning parts of a cylindrical 
surface, and that the number of carriers is increased. It may 
simplify matters by first explaining the action of the Toepler 
machine in the form of a replenisher, and then give an example 
of its practical form. 

51. Principles of the Ti>ep)er Machine. — In Fig. 24 we 
find a diagrammatic view of such a replenisher, varied so as to 
correspond in action tu that of a Toepler machine. /> and E 
are Jield-platea made of tin-foil attached to the outside of the 
glosscylinder A, which is stationary. li is another cylinder, 
which is revolving in the direction of the arrow x, and is 
provided willi carriers a, li, c, etc., also made of tin-foil. To 
obviate the necessity of the brusheB w, and m-, touching the 
curriers, small metallic buttons n are attached to tlic latter, 
which serve the purpose of transmitting the charges from the 
currierB to the brushes. We will now suppose that the field- 
plate D poBsesses a small [WBilive charge, and that the carrier a 
is under its inductive influence. A negative charge will then be 
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attnirtrtl in thr l;itt4T towards the side facing /), ami will lie 
IkiuihI, whilt' a iM»sitivi' charjre will be rei)elled and How into the 
ntuinilizimj hnish tr, , whicli ctiiiiU'et.s with tlie otiier lini^li tr 
|HivM>>in^' a iH'^'ativr cliarjro. Tlie ehaiyes will neutralize each 
i'tlur, ltMvin^'(f in posseission of a l)ound nejiTJilive cliarjre. As 
s.M.ii ;•<. tlu' <nnirr a passes away fnmx D and is no longer under 
iis ih.hi. tivr inliuence, tlie lM)und nejrative charge will ]>e free 
;ii:«l u ill, N\ lull the carrier j)asses under the brush s, 1>e colleetetl 
l>y il:r l.itirr :\\\i\ Milt into the field-plate K, whieli is then nega- 
\\\i 1\ t l.rtrirmi. This lield-platc will now, when the c-Jirrier a 
.». injii- tilt' ]H.>ition c>f carrier </, induce a iK)sitive cliarge on 

^ the side facing it^ and 

repel a negative diarge 
towards the side next U) 
the eonih C,. The same 
^ action will then tiike 
^ l>lace that was descril>ed 
in Art. 46; that is, 
l»ositively -charged air 
» will he driven from the 
conih C, , neutralizing part 
( 4 the free negative charge 
on the carrier. The con- 
ductor J\ is thus given a 
ncirative charge. AVhen 
the carrier now procewls 
\n tlic iM.>iii,.n .. the iiciitr;jli/iiiL: l>riisli n\^ will remove what- 
ever iie;';ni\e eli;iii:e i^ Kit, aiul coiiiMnc It with the positive 
eli.n'.'t' l;iki 11 up l»y l»rii>li /' , , S(» that, when the carrier j)roceeds 
to net u|>y tlie |><»>itiou j\ it is in possession of a free positive 
eli;M;'e. This eh;nL:e will uow lu' of a hiirhcr ]K)tential than 
that t)U the ;ieM-]»lati* IK and, when couiuiiniication is estal)- 
li^h,,! hetweeu tlie t\\o charp'S hy lut'ans of tlie brush i<,,an 
e(|Uali/ation will take place, and both will l)e of the same 
potential, thti> increasing {\\v potential (►f J). 

r>*J. 'I'he Carrlei's. — The carrier, when moving into j)Osi- 
lion A, will indu<e a negative charge on the comb C\ causing 
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negativoly-diarjr('(l air t^) \h'. (lriv(»n ajjjainst the carrier, and thus 
inakiii«^ tlie otlier end J* the positive terminal of the machine. 
Whatever j)ositive charge is left on the carrier will, when it 
reac^hes the position r/, Ixi neutralized hy the ne<rative charge on 
the carriers, so that carrier a is a^ain in possession of a negative 
charjie, hut stronger- now than the charge that reside<l on the 
carrier wh(?n we hegan our cycle. 

We see, then, that the (carriers, wlien leaving the position a, 
have free negative charges, which tliey deliver to the field- 
plate E^ while the carriers after leaving this field-jdate are 
ready to deliver positive charges to the fielil- plate J). The 
potential of these two jdates will he increased until the leakage 
l)etween them keei)s uj) with the supply, when a further 
increase is prevented. 

At the same time that the i)otcntial of the field-plates has 
l)een raised, that of the free charges on the carriers has also l>een 
increase<l, and thus induced charges of pn)gressively higlier 
j)otential will l)e set free at the tenninals of the cx)nductors 
r and I\. 

53. The Toepler Machine. — There will now be little diffi- 
culty in understanding the action of the Toepler machine, as 

illustrated hy Fig. 25. For the sake of making comparison 
easier, t\u) same lettx^rs have l)een used as in Fig. 24, on those 
j)arts which have the same functions to perform. Thus, yl is a 
stationary ghiss jdate, shown sej)aniti^ly in Fig. 25 (c), on the 
hack of which the field-plates D and E are cemented. Each 
field-])late consists of a j)iixje of tin-foil, the surface of which is 
j>rote<t<^d hy a layer of varnished paper. The movable plate 
with the carriers is B, as before, and the CArriers are a, b, c, (/, 
r,/. As the latter are of tin-foil, and therefore liable to injury 
by the rubbing of the tinsel brushes S and »S, , they are providt^d 
with small l)rass buttons a,, />,, etc., shown in Fig. 25 (/>), which 
alone make contact with the brushes, an<l thus shield the carriers. 
Fig. 25 (d) shows the jdates in j)osition, the revolving plate B 
being in front. If we again suj)pose the field-plate /> to have a 
small jM)sitiv(; charge, th(» carrier a will hav(* a htmnd negative 
an<l a //Tt' positive charg('. The lattcT will be removed by the 
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iii'iitr;ili/iii;r liniph ir,, iiml the carrier will thereforo reach the 
)i[isitiiiii h wit)i ;i jWr iii^Uivc charpe, whuh will be inijmrted tn 
Ihi- iifUI-phLk- K 1>,v tlie lirufih S, as already shown. It is 




y furtluT. iiri it in exactlv 



Ihr 



■ Kiu'. ■2^. 



5 1. ii is sri'ii tliut till' i>iatf .1 iiiiil tlic i-(iIlector3 are siip- 
[niilfil liy (^l;iss ciiliiiiiiij;, to insure pi?rf(Tt insulation. The 
.lisrli;iin.M-."ls /' iiini /■, ran hH.Ii- in thi-ir suppiris, therehy 
iiiiiliiiiH it pcissililr 111 rhuiigc Ihc h-nf;th of thp jiir-pip hetwct'ii 
1tic tw.. roils, TIh'sc ilis.-li!iivo-ro.ls iii-c also electrically coii- 
mrfcd with tlic Lcyilcn jai-s /.. /,,, wliich will iiccnnuilate th.' 
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electric chai^jes of the rods, reducing the niimbrr nf sparks, but 
increaBing their strength. The outer poatings of the jars are 
electrically cnnnected Viy meane of strips ', I, , hinding-screws 
r, Ti, ami wire v. The charges passing between terminals r, r, 
can also be sent through varinns appliances, or through the 
human body. 

The plate B is set in rotation by means of the pulley H, 
which engages a smaller pulley on the shaft of B. \Vhen starting 
the machine, the brushes should be set so as to make good 
contact with the revolving carriers, and tJie discharge- rods 
should be drawn widely apart. A few tnms will then suffice 
to charge the machine, and, if the discharge- rods /", /', are now 
brought closer together, sparks will pass between them. 

It should here be remembered that positive charges are not 
Bent into the comb tmm the i»late and transferred from there 
to the rod P, but that negative charges are constantly withdrawn 
from the comb and neutralized l>y the carriers, leaving a positive 
charge on the end of the discharge-rod at P. 

When P and P, are near enough to permit sparks to pass 
between them, the positive charge on P will be neutralized, 
but a negative charge will immediately be withdrawn from the 
comb f, leaving a positive chai;ge again at P, as before. The 
reverse takes place at the i«jsitive comb <.\ ; here positive 
charges are constantly sent towards the plate, thus leaving 
negative chaiges on the dischaige-rod P,. 

55. Though the carriers perform most of the work of carry- 
ing the -f- and — charges from brush 1« brush and to the 
conilw, it must not be supposed that the plate B is neutnd. 
On the contrary, this plate could work even without the carriers, 
but it would be difficult to put the machine in operntion. 
After the machine is once in action, this glass plate is also in 
posstssion of a strong positive and negative charge, placed 

I diametrically opposite each other, which, as their jtotentials 
increase, tend to Iciik across the plate and unite with each other. 
This action of the plate, therefore, limit* the possible )>otential 
that the carriers othenvise might have athiinetl. 
In most tyjtes of Holtz machines the carriers liave l>een 
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omitted, and the neutralizing brushes Wj, v\ replaced by neutral- 
izing combs. To facilitate the sUirting of the machine, the 
field-plates 7), E are conncxjted with a small Winnshurst 
machine, which gives them a high initial charge, after which 
the machine at once is in full action, and able to maintain the 
charges. This machine is described in Art. 61 • 



THE WIMSHTmST MACniNE. 

56, Principles of Construction. — Another type of 
induction-machine is the Wlmshurst machine, which has 
been very extensively used in Europe. Though in some respects 
it is superior to the Holtz machine, it has not gained ground in 
this country, so far as its use in therapeutics is concerned ; 
it seems that the strength of current it is able to furnish is 
smaller than that of a well-made Holtz machine, and that it 
is, as rcegards mechanical construction, lc>ss enduring than the 
other. It has this advantage over the Holtz machine, that it is 
self-starting, and is therefore used very extensively in combi- 
nation with the latter machine, it being always ready to furnish 
the necessary initial charge. 

57. Fig. 20 will explain the main ])rinci])le of this machine. 
A and B are glass cylinders provided with carriers numbered 

b^ -h 2 b^ ±js 





Vir.. 2fi. 
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1,2.... S\ Mild n JO ... . ]r, ; ?/'^, u\ nre the neutralizing 
l)nish('s f(»r tlic interior, Mild //, , //.^ tlx' lU'iitrMJizint^ brushes ft>r 
the exterior <ylin(ler. W(* will first siipj)()se tliMl the exterior 
cylinder is stati(»nary, and tlie interior revolving in the direction 
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of the arrow a. Let it further be supposed tliat the carriere 
8, 1, and S have aii initial jiositive cliat^e. The carrier 9 wil'- 
then be eul)iect«l to an inductive influence due to these three 
carriers, and it will therefore 'assume a bound negative charge, 
iuid the free positive charge will be neutraliited by the brush ic, , 

When the carrier 9 change its position to that of carrier 15, it 
will be removed from the inductive influence of the i>osiUvcly- 
charged carriers, and will have a free negative chai^ of a slightly 
higher potential than that held by 8, 1, or 2. \ATien, then, 
carrier 9 occupies the position of carrier 15, it is inducing a 
positive, )K>und charge on carrier S, and a free, negative charge 
is neutralized through the brush y,. 

If we now set cylinder A in rotation in the direction of the 
arrow 6, carrier 3 will subsequently reach the position of carrier 
1, where its positive charge is free and of a higher potential than 
that possessed by carrier 1. The fact that each carrier on these 
cylinders is exposed to the inductive mfluence not only of the 
carrier placed opposite, but also to that of the adjoining carriers, 
constitutes the main feature of the Wiiusburst machine. This 
explanation of its action appears as acceptable as any, and is 
justified by the fact that the Wimshurst machine will work to 
better advantage with, say, sixteen seclois per plate than with a 
smaller iiumljer. Ordinarily, tliewe carriers are much closer 
together than sliown in the diagram, and their combined action 
is therefore much stronger. If each carrier were able to influ- 
ence only the carrier confronting it, no increase in potential 
coidd be gained, and tlie charges would soon decrease ; but, as 
H is, the charge induced on each carrier \% appreciably stronger, 
if it is under Uie joint inductive influence uf more thou one 
I currier instead of one only. 

58. Fig. 27 shows the condition of the madiine after each 
\ of the cylilldcrs has mu<tu three-eiglitbs of a revolution. We 
' find then that one-half of each cylinder is positively, the other 
I lialf ni^atively, charged ; in either case the neutralizing rod 
I ooustitutes the dividing line. 

59. Fig. 2S shows a similar machine, in which all the 
k bnubea have bet-n replaced by comlis, and tlie carriers reniuvml, 
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leaving bare glass cylindere. For collecting the chuges, tbs 
combs Cand C^ have been added. The diagram plainly shows 
the condition of the glass cylindeTe, and how the free chazgee 
are * neutralised by the combs 
C, C,, thus leaving the conductois 
P and P, , respectively, poaitiTely 
and n^atively charged. 

10. Fig. 29 gives a perspeo- 
I tive view of a WimBhuiHt machine. 
II The glass cylinders osed in ths 
previous description are hen 
replaced by two glass plates A 
and B, on the outside erf which 
are cemented a number of sector- 
shaped plates, serving as carrien 
and inductors. The function of these sectors is changed 
twice daring each revolution of the plates, from a carrier to an 
inductor, the carriers on one plate serving as the indtictors for 
the carriers on the other plate. These glass plates are coated 
with shellac, and are attached to the ends of two hollow bosBes 
of wood or ebonite pro- „ ^ ^^ 

vided with pulleys. Each 
plate revolves independ- 
ently on a fixeil steel 
spindle S, inution botng 
imparled to the pulleys 
by means of cords pass- 
ing over corresponding 
pulleys in the kiwer part 
of the machine. The 
plates are J inch apart, 
and arc revolvtMl in iijipo- ' 
silcdiretti<ins liyoroiisinfi 
one of the furds. Tlie 

('urvfH.1 cfniijui'lors »r, ;/, with finf-wirc hnishes ut their ends, 
are tin; n<;iitruliKiiig rods, and are plinved at an angle of about 
90° with oach other. Two metallic eunduct^irs F and O have 
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each two collecting-comlia and Cj, one for eai;h [ilnte. These 
conchictors are, aa usual, insulateil from the ground hy means 
of glass columns, an<l carry two ilischiirge-rotls P, P^, temii- 

I Dating in lialls ; the distance between these can be ch&nged by 

■ moving the handles K, L either up or down, 

' A Wimehurst machine will be able to maintain charges of a 
higher potential if the carriers are removed, but it will not start 
quite aa rendily. The use of the carriers has the disailvantage 
that it changes a large part of the revohnng plat*' into a con- 
ductor, and thus facilitates the leakage between (■barges of 
opposite potentials. 

THK nOLTZ MArHINB. ■ 

61. Theory of Ac-tlon. — The Holtz niacbine is entirely 
without carriers, and the replenishing brushes S in Fig, 25 
have been replaced by some other device. By eliminating 
the carriers, the machine is able to give a somewhat larger 
volume of current, but at the aKmc time it loses its eelf- 
etarting properties. Machines of this clase have, therefore, to 
he supplied with a smaller auxiliary machine that will supply 
an initial charge. These charging machines are usnally of the 
Wimshurst type, with or without sectors. 

The Holtz machine is made of plates similar to the Toepler 

machine. Fig. 25, but its action may he better understood by 

the diagrammatic view given in Fig. 30, where the plates are 

shown in the form of cylinders. The simplest principle hy 

which its action may be explained is that of subtraction of 

charges, as mentioned in Arts. 46 and 51. The main parts 

of the machine are the two inductors D and E fastened to the 

' outaide of the two semicylinders A, and A,, At one end these 

EiDductors are provided with paper-tongues d and r. B is the 

k<n>tating cylinder made of weJl-vamished glass and having in 

cits interior the two prime conductors P, and /'_ with the collect- 

Fing-comha C, and C,. The puqKtse is now to supply the two 

w inductors D and K w.ith charges of constantly increasing poten- 

t fial, and then let these charges act inductively on the revolving 

r cylinder li and the combs C, and C,. 
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We will suppose that the inductor D is given a positive charge 
that will induce a lx)un(l negative charge on that part of B that 
is facing 7), and a free positive charge on the inside of B near 
the comb C,. This positive charge in connection with that on D 
will act inductively on C, withdrawing negative charges that 
will partly neutralize the positive charges on B^ and by thus 
constantly withdrawing negative charges through Q, the con- 
ductor P, will he left positive. That part of the positive ohai^ 
on B that was not neutralized by the comb will be withdrawn 
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l)y the neutralizing rod u\ ii\ by giving it an opportunity to 
conil)iiH? with a no^jitivc clmrj^e at u\. 

It is scon that when tlio cylinder /> emerges from under the 
influoiKM* of the inductor I) it will ho in possession of a free 
nrgntivo clijir^o that will l)ocarri(Ml around towards the tongue e, 
whoro jjositivo clinr^c.^ will ho withdrawn that neutralize the 
ohar^oH on /> and at tho snnio tinio niako tho inductor /? nega- 
tivo. Tho latter will now in return art inductively on B and 
comh (\ ])ro(lucin^ a ])ositivo, hound charge on B and with- 
drawing j)<)sitiv(^ cliar«fos from tho conih (.\ that will partly 
nmitrali/o tho froo nogativo ohargos on tlie interior side of B. 
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The conductor P, will be left negative and the cylinder B will 
advance from under the neutralizing comb w, with free positive 
charges, that will be neutralized by withdrawing negative chafes 
from D, leaving the same thereby still more positive. This 
increase in the difft-rence of potential between D and E will 
continue until the leakage ot the charges ia so great that it keeps 
step with the supply of fresh charges. 

When it is desired that any induction-machine shall deliver 
a current of greater volume, then the number of plates is 
increa^d. The plates may then be said to be connected tn 
pariillel as each plate delivers charges of the same potential to 
a common conductor where the charges are combined into one 
of increased volume, but of the same potential na that of each 
individual plate. The number of revolving plates may vary 
from 1 to 10, or mure, with a diameter of from 24 tu 36 inchea. 
iloltz machines of this size are fully illustrated elsewhere. 



MODES OF DIBCIIARUE. 

62. It has been stated previously tliat there were not 
different classes of electricity — that, no matter by what means b 
difference of potential was created, the same kind of electricity 
would Jlow. Itg elementary nature would always he the same, 
but it might he made to show difft-rent characteristics in the 
manner of flowing, hy variations in the apparatus. For instance, 
it might be a conliniwus, or pulsating, or an altemaling current. 
These three variatious refer mainly to the character of its Sow 
through a conductor, but for a high electromotive force there are 
also other means open for a discbarge. It may take place in 
any of the following three forms: (1) hy conduction; (2) hy 
convection; (3) by dierupiwn. 



COMDUCTTVB UI8CII&BQE. 

63. The conductive form of discharge, when it takes place 
under moderate presBures, has already been fully considered in 
Direct CurrenU. When the higher pressures, such as those pro- 
duced by means of a static machine, are given an opportunity 
of starting a current, other and more complicat«d phenomena 
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\\\\\ inixnxtvsi themselves. But as such charges of high potential 
mostly an* iiivrn the opi)ortunity to unite by means of a spark, 
tl\i\ proporly ooine under the head of disruptive dischaiges, 
;u.ii \\\\\ lherefi»n' he considered under that heading. 



CX>NVECT1VK DISCUAROK. 

ti 1. NVo havo aln^ady seen how a convective discharge took 

; .u. \\\ \\\v iiuliu'lion-nuichine when the coIlecting-coml>s 

•..-,; .iCi »l thoir indutHnl charge by means of electrified air 

u J < . i t. \\.ird> tlu' n'volving plates. A i>ointed metallic rod 

: \\\\\\ \\w prime oomluctor of a machine will discharge 

:^ iiur.nuM if the eleotn>motive force exceeds 20,000 

\, ;- r - r..oihMj i»f ihe air is called an electric breeze^ and is 

>;;v h \\\ I KH'irotherai>eutics. 
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lusKrrrivK discharge. 

ti^K ri.i \\\\\\\ fonu of discharge, the disruptive^ has been 
v»l«-t i \ V vt u 111 .\ tlu t \i\ trophorus was considered. It was noticed 
il.vi ,:;ti il.r ili>k \\iu\ Ih.cm removed from the cake and then 
. Ill '.,•.. ..xi 'n ^v.r of \\\c luuulii, it would discharge itself by 
w . . . : I ^p.'.k V\\v >Muv thing will take place if the 
vi. . : n: I '.V vi- ot A ^latir machine are brought near enough 

\\ Im-. l^r* p. foc.r.vl cxpriiujcntally that it takes a potential 
xl^I^J^nv^ of .il»or.i >.iHH^ volts to send a spark between two 
\\u{.\\ \\\\\> vop.w.itrvl l\v an air-uapof ^^^ inch, so that it would 
t.\kr .\bo\it MV\HH» \oU> to mmuI a >park throujzh a gap of 1 inch. 
H owr of \\\r loihluvlors is pvMUlcd and the other provided with 
a pl.Ue. t!ir !hv»>saiy Noltaj^e ior a 1-inch gap will be decreased 
(o ;\l»oul J^ UH^ \v»ll> This applies to a distance of up to 
ix mclies, 1m \onvl tins the voltage per inch decreases. 

riit* distanee belwtcn the discliarge l»allsof a static induction- 
nKirliine delernuiies tlu* niaxinunn potential dilTerence that can 
be de\eloped between thenj; if, therefore, the balls were sepa- 
rattd a distance of .\ inch and the machine turned just fast 
enough {o send a spark across, we would know that the 
potential would be about 40,CKK.) volts. 
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Theee relations between vollage and sparking distance do not 
liold true when we have to do with an alternating current, such 
as derived from an induction-coil. It is not the virludt voltage 
that is here the deciding factor, but the maximum voltage. To 
send a spark across an air-gap of 1 inch with an ordinary induc- 
tion-coil will therefore require less vollage, or from 40,000 to 
60,000 volts. 

66. It is usually supposed that when a dismptive discharge 
occurs there is simply a transfer of a given electric charge from 
one conductor to another, and that the violence of the discharge 
causes the visible spark. This is natural, because the rapidity 
with which the discharge takes place makes it inipossible for the 
human eye to detect the real nature of the phenomenon. But 
by means of more sensitive apparatus, such oe revolving mirrors, 
the observer will be able to see that instead of one discharge we 
have in reality to deal with a series of discharges. This should 
not be surprising, as it has been shown that an electric current 
behaves as if in p()Sse88ion of inertia. When, therefore, a current 
of electricity is sent through a conductor under such high pres- 
sure as a static machine is able to produce, it would seem 
natural that the current, after once being started, would tend to 
continue its motion, creating a reverse pressure. 

A swinging pendulum works under somewhat similar con- 
ditions. On pushing it to one side and releasing it, it will not 
stop in its original position, but will pass beyond this to the 
other side. It will again return and will continue this oscil- 
lating motion until the energy imparted to it has been wasted 
in overcoming friftional resistance. With no resistance to over- 
come, the oscillations would continue forever. 

G7. It must not be understood from these remarks that 
discharges taking place under high pressure are always oscilla- 
tory. This is not the case; certain conditions have to be 
fulfilled before a diauharge of this nature will occur. There has 
to be a certain relation between the resistance of the circuit, its 
Bell-induction, and its capacity; otherwise, the discharge will 
take place as ordinarily, that is, by a gradual equalization of 
the positive and the negative potential 
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To ri'turn to the case of the swinging pendulum; we can, for 
iii.^taiico, well uiulerstand that, if a large fan be tastened to the 
peiiiluhntu the air resistance may be so great that the pendulum 
wi»uld slttwly 8wing to itK middle position and stop there. In 
till* .same manner, if tlie conductors of a static induction-machine 
arc eoniii cttMl hy n slightly damp linen thread, the dischai^ will 
pass through it more ^^ently, and oscillations will not be set up. 

This slow eonduetive discharge may be compared with a light 
lioily falling' slowly towards the earth, and settling down gently. 
The tlisiuptivc discharge, on the other hand, is more like the 
a(-ti«»n nf a stcrl hall falling from a certain height on to a metal 
plate. It will re))ound again and again, and little by little 
fiiim' [it rest. 





<;s. 1nier:i(*tIon ^Ik'twoen Resistance, Self-induc- 
tion, and Cnimclty. -To Ixjtter understand the relation 

hetNxt'ii nvisiaiirr, self-indiietion, and capacity, we may again 

use a hydraulic analogy that would 
C()rres}xjnd to the combination of 
two Ley den jars connected to the 
prime conductors of a static machine 
«u* to an induction-coil. Let A and 
7>, Fig. 31, he two cylinders filled 
with water and provided with two 
pistons c and d that may move 
freely uj> and down. Ordinarily, 
the two pistons stand at the same 
level, hut in this instance the 
\\. , -t>y l)iRt()n d lias been pushed down, 

^^xfl^^^ therehy raising c to a higher level, 

after which the valve g is closed. 
The pistons will remain in this posi- 
tion hecaiist* communication between the two cylinders has 
been br(»ken. 

If, now, the valve tj is opened suddenly,. water will flow from 
cylinder A, so ;ls to reestablish the former level, and the water- 
columns in j)ip(^s a and h will be set in motion. After the 
pistons have reached their middle position again, the water, by 
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leason of ita inertia, will tend to keep up its mntion, and there- 
fore to move the piston rf to a higher position. As soon as the 
energy of the moving water bae been consumed in raising the 
water in cylinder B, (hereby changing the kinetic energy that 
the water possessed into potential energy, the water comes to 
rest. The water in B will now Keek to use the potential energy 
it has received, in setting the water-columo in motion again in 
the opposite direction'. When ihe pistons are passing through 
their middle positions the potential energy has all been changed 
into kinetic energy, and the water is now flowing at a maximum 
rate. Again, the inertia of both water-columns tends to main- 
tain the motion, and now the piston c will he raised to the 
higher position. If the water, the pipes, and the moving parte 
were devoid of all friction, the to-and-fro motion would con- 
tinue indefinitely, without any diminution in the amplitude o( 
the oscillations. But it in easily anen that their combined fric- 
tion will soon consume the energy originally imparted to the 
water, and the oscillations will therefore gradually decrease in 
amplitude, and at last cease altogether. 

69. Let us now see how the character of these omiillntions 
is influenced by the dimensions and nature of the circuit. It 
is clear that the wider the cylinders A and B, the more water 
can flow in or out of them before a greatt'r change in level 
occurs. This rise of the water-level will produce a counter 
pressure that will tend to stop the ingrexs of the water. The 
more slowly this increase in pressure goes on, the more water 
can flow in before the stored-up kinetic engergy is trans- 
formed into potential energy. They are then said to l>e of 
great capadty. 

If the inside of the pipe is rough, thus oflfiTing much resi'M- 
awt to the flow of the water, more energy will \>b consuniefl in 
friction and less will be left for raising the level of the water in 
either cylinder. It is seen that if this n>sistanco is made large 
enough, the return of the water to its original level, might be m 
•low and consume so much energy that it would not be able to 
teach it ^ain. 

It will also be seen that the lenglh and diameter of the pipes 
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will have some intlucnce, as these dimensions determixu 
viiliinif of water (Nintaincd in the pipes. A given amom 
nwT^y will retiiiire a longer time to set a large volume of w 
ill iiiotioi) than a small one; and a large volume after o 
iM-iii^ «»'t in motion, will continue this motion against 
i»l»|M.sin^' forte for a longer time than a smaller volume of wat 
i<4 :il>]f to do. In hot h instances, the inertia of the water tenc 
tu npposi' liotli the l>eginning and cessation of motion. 

T< >. Th»» 4*oncIuKionR we afrive at are, then, as follows: Tha\ 
in nnirr to lisive the water-column perform oscillations the 
r«'hi>t:in(.*(> of the pipes has to l»e below a certain value other- 
wisr th«re will only he a gradual discharge in one direction. To 
li:t\r inii^' mihI powerful oscillations, the volume of water set in 
ni<iti«in niu>t Im* large and also the capacity of the cvlinders. 
If, on tlir ittlitr hand, the capacity of the latter is small, it will 
n<|uin' only a siiiall quantity of water to enter either cylinder 
Inforr till pi>toii is raised to its highest point; the oscillations 
will therefore he of short duration, and their frequencv will 
in<r»'ast' as the capaeity of the cylinders decreases. It is seen 
from this that it is not iM)ssihle to have a large volume of water 
p«Tforni (►sei Hat ions of great amplitude and high frequencv, 
hrraiisi- a lii^'h freijueney rcMjuires a small capacity of the 
ry]iiid«Ts, whilr, on the other hand, a great amplitude demands 
a lar^c ra]>arity. 

71. When a disruptive discharge takes place between the 
two condnetors a and h (connected with the Leyden jars c and f/, 
Ki^'. 3*2, we find somewhat similar conditions. As soon as the 
diiTt*renee of ])otential hetween the two c(mductors has increased 
to a point where the positive charge on A and jar c is able to 
bridge the intervening air-gap, oscillations will begin. At the 
moment when a suflieient amount of the charge on A has 
passed over to /> and jar </, so as to nt^utralize the difference of 
]>otential, then th(» potential energy of the charge has been 
changed into kinetic energy, an<l the current is then flowing at 
a maxinunn rate, as was the case in the hydraulic circuit. 
The self-induction «>r electromagnetic inertia of the current 
carries it Iwyond the point where a balance in pressure was 
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I attained, and it continues to flow into the jar rf until the latter 
I is in poBsessiou of a poailive charge of a potential high enough 
to counteract the kinetic energy thct the current possessed. In 
the jar c the opposite will have occurred- — it will he negatively 
charged. A reverse current will now be sent acroes the spark- 
gap and the conditions will again he reversed. These oscilla- 
tions of the charge will continue until its original energy has 
been used up, partly in heating the air in the spark-gap and 
partly in setting up ether waves in space. 

The volume of the Leyden jars, that is, their electrostatic 
capacity, has the same effect as the cylinders in Fig. 31. The 
greater their capadly, the greater amount of electricity may 




pass into the jars before their potential is raised to a certain 
value, and the more sluggish the jars will act in returning the 
charge. By decreasing the capacities of the jars it will require 
smuller charges to obtain the same potential and the oscillations 
will he carried on more quickly. 

The residtiince of the electric circuit plays also the same 
I function as in the hydraulic one. 

72. Examining into the conditions required for an oscilla- 
I ting discharge, we observe that the production of rapid, jind at 
[■the same time i)owerful, oscillationa will meet with aome diffi- 
I culty. To have rapid electric oscillations, the electrostatic 
|i capacity and self-inductiun must be small On the other band, 
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long and {)owerful oBcillations require a current of great strength 
and a circuit with a large electroBtatic capacity. But a strong 
current has a large amount of self-induction. We see^ therefore, 
that rapid oscillations cannot be combined with a Btrong cur- 
rent, l)ut must go liand-in-hand with a feeble one. 

The rapidity with which these oedllations take place is far 
Itoyond anything wo are able to produce by mechanical means. 
Their freciueiioy may be as high as 100,000^000 per second, 
ili'peiiiliiig oil the capacity of the jars and the self-induction of 
tiie circuit. Ah tiic vivsible spark itself lasts only a small frac- 
tion of a s(M'ond,- so must necessarily the total number of these 
nscillatin^ discharges, that collectively constitute a spark, be 
fi'W in nuniher. 

It was sliown when tlie induction-coil was considered that the 
K. M. F. produced in the secondary coil was, other factors 
remaining; the same, directly proportional to the rapidity with 
which the current in the primary coil was interrupted. It will 
theref(»re he ohvious that with the enormously rapid interrup- 
tions, which a disruptive discharge is able to provide, K M. F/s 
may he produced in a siHL'ondary circuit that exceed any such 
prod t iced hy ordinary means. Even a primary current of 
relatively small stnnj^'th may hy these means be able to induce 
a secondary current of a very high E. M. F. 



TllK 8TATIC MACHINE IN EliECTROTUEBA- 

PKirTICS. 

7;J. Tlu* Various ModoH of Applying Static Elec- 
trically. - Detaileil information about the technique of static 
electricity is given later in tliis Course, hut as it will be of 
henetit to the student to understand the clcc^tric phenomena 
on which the various modalities afc based, they will here be 
(•(Hisidered suci'cssivcly, beginning with tlie simpler and pro- 
gressing to th(? more complex. 

The treatments in whic^h the static maciiine is employed are 
g(>nerally divided under the following hcudiugs: 

1. (ieneral electrification or charge. 

2. The s[)ray or breeze. 
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3. Indirect sparks. 

4. Direct eparke. 

6. The static induced current. 

6. Potential alternation. 

7. The Morton wave-current. 

74. General Electrification or Charge. — It wn« shown 
in Art, 34, when the action of a conrlen.ser wa* explained, that 
the capacity of a. conductor was greatly increased when it was 
placed near a conductor electrified with the opposite kind of 
charge. This static induction is generally the phenomenon 
made use of when a patient is connected with a static machine. 
In general electrification the subject il/is placed on a pl.at.fnrm P, 




Fig, 33, and the platform connected with one of the prime con- 
ductors A B of the machine by means of the rod r. As the 
platform reata on glaiia legs Litis completely insulated from the 
ground and whatever charge is sent through the rod r should, 
under proper conditions, remain on the platform and the 
patient seated on it. In fact, we may consider the rod r with 
Bubject M asa simple continuation of the conductor with which 

I it is connected. 
. We will suppose that in this case connection has been made 
with the primp positive conductor A. The platform receives a 
positive charge and the subject is said to he under poalttve 

[ electrlUcatlnn. The negative prime conductor Bis grounded 
by connecting it to a gas- or water-pipe hy means of a wire or 

I .fbain e. We have now & condition very ^milar to that illustrated 
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by nieaiiB of Fig. 18. Positive charges pass from the machine to 
the platform and patient, which together practically constitute 
the inner coating of a I^eyclen jar. The walls and surrounding 
objects make ujj the outer coating, while the intervening air is 
the dielectric. All around negative charges are attracted and 
bound by the positive charge on the patient, and the potential 
of these charges will increase until the platform has attained 
the maximum potential the static machine is capable of pro- 
ducing. If air were a perfect dielectric this would be the end 
of the procedure and no more charges could be sent to the plat- 
fonn; but various caus<»8 contribute to modify these conditions. 
Air in general is more or less moist and mixed with particles of 
dust; it is in constant motion. Further, while a solid dielectric 
would be more or less unaffected by the surface conformations 
of the charged objc(*,ts, this is not the case with air. Prominent 
parts, whether round or pointinl, assume a higher potential 
than adjoining level surfaces, and this increase of potential 
results in charging the surrounding air to such an extent that 
it is strongly repelled and constantly replaced by new layers 
of air. Positive charges are therefore continuously carried 
away from the patient by convection, and the more readily so 
because the dust and moisture of the air add very materially in 
pn>motin«r the lcakap(\ \Vc ^^'0, therefore, that the require- 
ments for maintaining a static charge arc not fulfilled, but that, 
on the contrarv, the conditions arc vorv unfavorable, if this is 
the j)urposc in view. A true static charge we may compare 
. with a vessel filled with water. A charge that is constantly 
leaking away would correspond to a sieve receiving a continuous 
supj)ly of water suflicient to maintain its surface level at a 
constant height above the bottom. The l)ody of water is here 
continually renewed and a current of water is j>assing through 
the sieve, the rapidity of the flow depending on the rate at 
which the leakage goes on. 

It is often remarked, as stated in Art. 30, that static charges 
given to a patient no longer comply with the laws of static elec- 
tricity. The apparent dilTerence in this case is not the result of 
a change in the nature of static electricity when applied to the 
human body, but is caused, as shown above, by not complying 
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with the conditions necessary to maintain a static chaise. In 
fact a patient who is situated on an insulated platform and con- 
tinuously supplied with fresh electric charges that are at once 
disseminated into space, as convective charges, cannot properly 
be Baid to be in poBseesion of a static charge, but must, on the 
contrary, be traversed by an electric current. The rate at which 
this current flows will depend on the rate at which the leakage 
takes place. How deep this current penetrates the interior has 
also been a debated question. In many cases the density of 
these currents through the body would vary, because the latter 
is made up of bo many varieties of materials differing in con- 
ductivity. Some of these act more as insulatorB while others 
conduct the current very freely. 

When the connections between the patient and the static 
machine are reversed so that the negative pole B of the latter 




is connected with the platform, then we have what is called 
negative eleotHOcntlon. This combination is represented 
by means of Fig. 34. The positive conductor yl is now grounded 
by connecting it through chain c with the ground. 

73. The Spray or Breeze. ^The spray is in reality noth- 
ing but an intensification of the leakage at some special point or 
surface. For a positive breeze the patient is placed as shown 
in Fig. 35. The platform is connected to the negative con- 
ductor B by means of the rod r and the positive conductor A 
grounded through chain c, which is connected with the outride 
layer of an imaginary Leyden jar. The patient and platform 
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are negatively charged, and the surrounding walls, etc., posi- 
tively. The aim is now to give these positive charges oppor- 
tunity to discharge themselves by convection towards some 
definite place of the patient's body. For this purpose a sup- 
plementary conductor E is brought in communication with the 




ground by means of the chain d By induction, charges of a 
high positive potential are drawn into conductor ^and, if the 
latter is provided with a number of needles n, convective positive 
charges are sent towards the patient, causing a strong current of 
air. Whether this discharge is a breeze or spray depends on the 




Fig. 36. 

proximity of the oloctrode E to Uk^ patient. If not too near, 
an eloctrifiod current of nir will jkiss from it, wliich is called a 
breeze. If near (Miou«:h, a sliowcr of lino sparks will be sent 
towards the ]>ati(Mit ; it is thon a .s'/rm?/. TIh^ <•! cot rode E may be 
stationary or moved by the openitor so as to nlTcct larger areas. 
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To give a negratlvo breeze, connections are made as shown in 
Fig. 36, giving the patient a positive charge and inducing a 
negative one in the electrode E. A negative breeze is therefore 
sent towards the patient. 

76. Indirect Sparks. — By substituting a ball electrode 
for that of the needle electrode, the potential of the charge, 
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induced in the latter, will increase beyond that required for a 
convective discharge, and will be raised sufficiently high to 
l)roduce sparks when brought near enough to the patient. 
The connections to be made between the patient and the 




Fig. S8. 



machine are the same as those made for the static spray. In 
Fig. 37, iKisltlve, and in Fig. 38. uegrutive, 8i)ark8 are sent 
to the patient. 

It will be seen that in this arningement the sparks do not 
proceed directly from the machine but indirectly tlirough the 
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ground, thereby utilizing the induced charges on the surround- 
ings. The result is that the sparks are large in volume odgL 
more regular. 

77. Direct Sparks.— When the direct spark is given, 
neither of the prime conductors are connected with the ground 
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Fig. 89. 



and the sparks will therefore be thinner and more uneven. 
Fig. 39 indicates the arrangement for giving positive sparkisu 
The subject M with platform is joined to the negative prime 
conductor i?, while the electrode E is electrically connected to 




Fig. 40. 

the positive conductor A. Fig. 40 indicates the connections 
for giving the negrativo spark. 

In analyzing the effec-ts of both the direct and indirect sparks 
on a tsui>ject, we fnid that previous to the discharge he is sub- 
jected to a rapid rise of potential, which, when the spark passes 
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between him and the electrode, he suddenly lofiea. Thf; spark 
itself is usually made up of iwcillating charges and the patient 
is, therefore, for the time being, traversed by extremely rapid 
surges of electric charges throughout the body. 

Both when gi\'iiig direct or indirect sparks, the latter will 
increase in volume if the inner coatings of two I^yden jars are 
connected to the two prime conductors while the outer coatings 
are brought in direct communication with each other by means 
of a con due ting-cord. By this arrangement charges of high 
potential are bound on the inside coatings of either jar, 
which will be released whenever a spark passes between subject 
and electrode. 

78. The Static Induced Current. — ^This combination of 
a static machine with Leyden jars, made tor the purpose of 




producuig ail nitemating current, was first suggested and used 
by W. .r. Morton, M. D., in 1880. The Leyden-jar arrangement 
mentioned in the previous article is again made use of in the 
manner illustrated in Fig. 41; but instead of bringing the outer 
coatings in direct communication with each other as in the 
former case, the body of ihe patient is also included in same. 
The prime conductors A and B are brought in electric connec- 
tion with the internal coatings of the I^yden jars L, and 7^. 
The external coatings are connected with the binding-posts 
e, and e„ to which the conducting-cords g, and p,, willi electrodes 
E, and E, may be attached. Though the subject is usually, 
as in this ca^e, placed on the insulating platform, it is not 
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necessary because it is here not a question' of static insulation, 
but of local alternating currents. 

Let us suppose that small positive charges are constantly sent 
from conductor A into the Leyden jars X,, and negative charges 
from conductor B into Leyden jar Z„ and that the air-gap 
between A and B is great enough to prevent the charges from 
uniting at once. The charges on the inner coating of either jar 
will bind charges of opposite polarity on the outer coatings. 
Thus the jar L, will have an outside bound negative charge 
and Zr, a bound positive charge, while free positive charges will 
continue to flow through conductor g^ and unite with free 
negative charges coming through the other conductor g^ 

This charging of the jars will continue until the difference of 
potential between the inside charges of the two jars has reached 
such a value that it is able to overcome the resistance of the 
air-gap A B and bridge it by means of a spark. Under ordi- 
nary conditions this disruptive discharge between the prime 
conductors will be oscillating, and the following will take place: 
A positive charge will rush from A\jq B tending to neutralize 
the negative charge on the latter and its I^eyden jar, but the 
self-induction of the circuit causes an excess of current to go 
towards B and charges the latter with jar L, positively. As 
soon as the current has come to rest it will again seek to equalize 
the difference in pressure by rushing back to A and L,. The 
self-induction will now cause an excess of current to go in this 
direction and another reversal will take place, and these rever- 
sals will continue until a final balance has been restored. The 
intervals between these spark-discharges will, as previously 
explained, depend on the capacity of the jars, the length of 
the air-gap, the size of the revolving plates, and the speed at 
which they revolve. The frecjuency of these oscillations may, 
when a patient is in the secondary circuit, be from 200,000 
to 300,000 cycles i>er second. 

We have here an arrangement that has some similarity to an 
induction-coil in so far as the circuit //, 3/r/j, which may be 
called the secondary circuit, is insulated from the primary cir- 
cuit, which consists of the inside coatings of the Leyden jars 
Lj, Lj ^^^^^ conductors A^ B. 
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70. Potential Altomations. — Thia method o( proda- 
cing an alternating current of high fre(|iieney by means of a 
static machine may be said to he a variation of one of the 
spark-gap arrangements suggested by Morton in 17500, and 
first used by Dr. S. H. Monelt in 1893. The difference heing 
tliat whiie Morton uses a hand- electrode with a variable 
spark-gap, Monell uses a separate stand with a supplementary 
ball- electrode. 

It will be seen from Fig. 42 that the arrangement of parts is 
practically that of Fig. 33 for producing positive electrification. 
The ditlerence between them is that in Fig. 42 a spark-gap is 
mtroduced in the circuit by adding a supplementary conductor. 
The arrangements of parts is indicated in Fig. 42, where >S' is a 
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ball -electrode held firmly in position on the stand T and 
grounded by means of the chain s. The distance between A 
and U is made large enough to prevent any spark-discharge 
between them, while on the other hund the ha II- electrode S is 
brought near enough to the hookeil end uf rod r to permit 
sparking to lake place. The negative pole of the machine is 
grounded and the subject M on the platform given a positive 
chaise. 

We may explain the elTect of thia combination by supposing 
the platform with subject, to he charged positively, until the 
pressure is large enough to overcome the rtaistance of the air- 
gap between r and S, when llie positive charge will suddenly 
pass to the ground through the chain s. The platform with 
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subject may, while in possession of the positive charge, be 
considered as the interior coating of a Ley den jar; the surround- 
ing walls, etc., the exterior coating with a negative charge; and 
the air, the dielectric. Whenever a discharge takes place, the 
positive and negative charge will unite through the ball-eleo- 
trode S with chain 8, This discharge will ordinarily be oscilla- 
ting, and the subject M will therefore be traversed by an 
oscillating current whenever a spark passes to the ground. As 
these sparks follow each other in rapid succession, the effect 
may be said to be continuous. The current resulting from this 
combination is of less intensity than that produced by the 
static induced current method. 

80. The Morton Wave-Current. — The arrangement for 
producing this current was suggested by W. J. Morton, M. D., 
in March, 1899. It produces the same effects as those obtained 




by potential alternation, but by simpler means. Doctor 
Bordier, in comparing the wave-current with the static induced 
current says: * 'These two modes differ, then, practically very 
little; that which distinjjjuishes the old static induced current of 
Morton from the new current of Morton is principally in the 
strength of the effects in consetjuence of the nmch larger charge 
in the first disj>u8ition of j)iirts." 

It will i>e seen from Fig. 43 that the arrangement of parts is 
practically that of Fig. 42. Tlie diff(M'enee between them is 
that in Fig. 43 tlie supplementary ])all-electrode S has been 
omitted and tlie spark-gap made between the prime conductors 
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A and B. The platform and subject are again connected to the 
positive pole B by the rod r and the negative pole A grounded 
through the chain c. Whenever the potential of the charge on 
the subject is high enough it will bridge the gap »t A B by 
means of a spark and pasx directly through conductor A and 
chain c to the ground. Otherwise the effects are the same and 
the potential of the charge may in this and the previous arrange- 
ment be modified by regulating the length of the spark-gap. 
After the student has considered these seven varieties he will 
see that they may be separated in two main groups, as follows: 

I. In the first group come those methods where an air-gap 
exists between the subject and an auxiliary conductor over which 
gap the static charges must pass in order to complete their 
circuit. The length of the gap will determine whether the 
application is "general electriUcation," breeze or spray, and 
indirect or direct sparks. This air-gap attains its maximum in 
"general electrification" and it^ minimum in some of the 
spark applications. 

II. The air-gap is not between the subject and any auxiliary 
conductor, but somewhere else in the circuit. Under this 
division come the static induced current, the Morton wave- 
current, and potential alternation. The modalities included 
in this class come in reality in that of high-frequency currents, 
but as they were used before these currents were applied 
therapeutically, they will be retained in their present position. 



UlGn-FllEQl'ENCY C'URItENTS. 

81. General Chiiracterlstics of High- Frequency 
Ourreitts. — Under frequency, as ex|)lained in Direct ViirreiilK, 
we understand the number of complete cycles that an alterna- 
ting current performs per second. High-frequency currents 
would therefore simply mean alternatJng currents of high 
frequency. Distinction is made between these and alternating 
currents of ordinary frequencies, Itecause there is quite a gulf 
between the frequencies of the two, and results are obtained 
by means of the high-frequency currents that are lieyond the 
capacities of the alternating current, as generally found. It is 
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also a peculiarity of these currents that while the human body 
may be very painfully aflected by alternating ciurrents of 
relatively low frecjuencies, currents of high frequency may be 
sent through the body and produce only a mild sensation. 
The reason for this is not definitely determined, but it seems 
that the sensory nerves are unable to respond to the rapid 
oscillations of the current, and though the body may be 
traversed by powerful currents, that under ordinary circum- 
stances might be fatal, the senses do not seem to perceive them 
and they appear harmless. 



82. Production of Hlgli-Froqiiency Currents. — An 

apparatus that may produce high-fre(iuency currents is shown 
in Fig. 44. / is an induction-coil whose primary coil is 
8upi)lied with a direct interrupted or an alternating current 

through the conductors p 
roa cksso^A and n from any convenient 

source, the main purpose 
'^ being to produce an alter- 
"** nating current of a high 
electromotive force in its 
secondary coil. The ter- 
.minals of the secondary coil 
are not shown, but they 
are supposed to be con- 
nected directly to the posts 
a and b through which the 
rod hi c and d can slide so as to make any desirable spark-gap 
at G. Hie internal coatings of the Leyden jars C^ and C, are also 
connected to the j)Osts a and 6, while their external coatings 
are brouglit in communication by means of the solenoid S. 
The L(*yden jars are ])la('ed in mutal sockets that communicate 
with tlieir external coatings and have binding-posts e and/ to 
wliicli thu solenoid is attached. 

It has been shown previously that when usin^ a direct inter- 
rupted current a mMximuni K. M. F. is induced in tlie second- 
ary coil at tlie l>reak of the i»riniary current. As the primary 
current is then iluwiii;i only in one direction it follows that this 
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maximum plerlromngiiptic impulse tliat periodically is sent 
through the eeeondary coil, when the primary circuit ie broken, 
must always move in the same direction. Ab the spark at Q is 
not allowing any other current to pass except the waves due to 
this high E. M. F., it follows that these waves all begin to poaa 
BcroBS the gap from Ihe same side. When the primary coil ia 
operated by an ordinary alternating current, then the impulses 
in «ther direction will liee<iunl, and the secondary coil will also 
be traversed hy an alternating current. An ordinary commer- 
cially supplier] alternating current has a troc|uency of about 124. 
There would therefore be 124 positive and 124 negative waves 
per second, in all 248 waves that each would produce a spark 
at the gnp 0. To produce the same effect by means of a direct 
current the latter would have to be interrupted 248 times per 
second. In this instance we will suppose that the rod c is 
connected with that terminal that is in possession of a maximum 
positive potential before the spark- disc barge has b^un. 

The rod c is therefore marked as being positive and d as 
negative. While the positive impulse now is moving along e 
tending to produce a spark, it will simultaneously enter the 
Leyden jar C^ and give the inner coating a positive charge, 
thereby inducing a negative chaise on the outer coating. At 
the same time the rod d, with the inner coating of the jar C„ is 
given a negative charge with a positive charge induced in the 
outer coating. While the two jars are l>eing charged there is 
simultaneously a current made up of the free outside chargee 
Sowing from the external coating of C, towards that of C,. 
Tliis current is only preparatory to the final discharge and is not 
directly of any importance. 

When the difference in pressure of the IjCyden-jar charges 
baa reached a value high enough to overcome the resistance of 
the air-gap G, then the chaises in the inner coatings will unit© 
by means of a @park across the gap, For the reiueorie already 
given, the surplus charge of C, will not simply go over to C, and 
stop there, bnt will rebound a numljer of times between the jars 
before its energy is finally expended, whereby the difference of 
potential between the charges in the two jars will grow smaller 
until it fmally reocbeii zero. 
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83. Graphical Representation of High-Freqnencr 
Currents. — This griulual decroaee and periodic change o( 
potential may be repreBented by nienns of Fig. 45, which refer 
to the changes that take place in the jar C,. At c, we have the 
maximum potential of the charge liefore a diecbarge occurred; 
then it ia seen that the pressure instantaneously not alone falls 
to zero, but to a maxinnim negative pressure at c,. At this 
point the other jar has the charge of maximum positive poten- 
tial, and when it returns from there the potential in jar C, is 
raised to the value of c„ which is lower than the preceding c,. 
It is seen that the potential of the charge gradually diminishes 
until it finally reaches zero. Similar changes go on in the 
other jar, alternating with those in the first. 

It may seem strange why it should require a potential of c, 
(Fig. 45) to cross the air-gap, and that later on, charges of 



conalantly dporeasing potential still should Ix- able to cross the 
gap. Tlip roason tor tliis is tliat after a spark has once passed, 
the rf^isljun'c across the air-gap lias been greatly reduced, thus 
allowing charges of miidi lower potential to pass. 

The outside charges on the I-eydcn jars are in this instance 
the source of the high-frcijueiicy currnits. As soon as the 
inside charges arc released an<l licgin llicir oscillations, the 
outside chaises arc also free, iirid, as ihi- latter are of the same 
potential diffcrciii'c as llic former, tlic same kind of oscillations 
will i'c earricil on in the exterior cLrciiit .S but in a reverse 
order. Thus, when the interior charge passes from t^ to C„ the 
exterior clinrire \vill iia.'^.s fruru (' to C,. 
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Ab each epark consists, relatively speaking, of only few 
oscillatioQB, it follows that if a continuous series of such uscilla- 
tions are to be maintained, the induction-coil /must he capable 
of constantly supplying the Leyden jars with fresh charges, 

84. Their Current-Strength. — Before explaining the 
methods of utilizing the high-frequency currents passing through 
the solenoid .S' it may be well to call attention to some of the 
peculiar characterietice of these currents. For instance, it seems 
strange that the small electric chaises contained in the Leyden 
jars should be able to produce so strong eSects, but it must be 
remembered that it is not alone the (juantity of electricity 
passing through a conductor that determines the effects, but 
also the rate at which it flows. For instance, when 1 coulomb 
of electricity is flowing through a conductor per second, the rate 
of flow is said to he 1 ampere. When the pressure is raised to 
such a value that this quantity of 1 coulomb could pass through 
the conductor in i-b'tj-u second, the rate of How would be 1,000 
amperes, and if the passjige were accompHsbed in riFaiofD second 
the current would have a strength of 1,000,000 amperes. Of 
course, currents of high frequency are only ol short duration 
and they are alternating, otherwise they would not alone be 

■ intolerable, but also dangerous ti> life, 

85. Induction BfTects, — Another characteristic of the 
high-fretjuency currents is the intense effects they produce by 
means of induction, It was shown ia Art. 76, Magnetism 
and EUdromagnetwm, that it is not alone the current-strength 
in the primary coil and the number of turns it contains that 
determine the E. M. F. in the secondary coil, but also the rat« 
at which the current is interrupteil or changed in direction. 
For instance, let a primary coil be made up of 1 turn of wire in 
which circulates an alternating current of 1 ampere with a 
frequency of SOO.tXK). The effect of this coil on an adjoining 
solenoid would be the same, when no other changes have been 
made, as if 100 amperes were passing through a primary coil of 
100 turns at a frequency of 50, as the effect on the secondary 
coil depends on the product of current- strength and frequency 
in the primary coil. This is the reaaon why one single turn of 
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wire held near a polenoid carrying high-frecjuency curreDts may 
show such surprising effects, as, for instance, to light an incan- 
descent lamp requiring a current of 1 ampere and 8 volta. 

86. Kffeet of Capacity. — Perhaj)8 the most striking 
effects produceil by currents of high frecjuency are those caused 
by the capacity of the circuit. This may perhaps be better 
understood by taking an analogy from some other branch of 
physics. For instance, let a in Fig. 46 represent a cylinder in 
which air may be compressed by means of the piston d and sent 
through the tube b into the rubber ball c. It is clear that the 
more capacity this ball has the greater quantity of air may be 
forced into it before the compressing piston in a will have to 
come to a standstill. By allowing the piston again to return 
to its starting position the air in c will expand. By repeating 




Fig. 46. 



these oj>crations of forcing the jnston inward and letting it 
return, a current of air will (Kscillate through the tube b. If 
the availa])le pressure on tlie piston remains constant, it is clear 
that the more elastic and capacious the hall is the more air will 
it receive at each stroke, and the greater will be the current- 
strength through b, even when the number of j)iston strokes per 
second is relatively small. Let, now, the ball c be removed and 
we will simply have the capacity to dral with that the tube b 
itself may be in possession of, which would be very little, and 
the distance through whicli the piston could be forced inward 
would therefore Ik? vcrv small. If it is d(.^sirahle, still, to main- 

• 7 7 

tain the same currtnt-strentrth throuL^h A, (»tlier means must be 
found. Let, iov instance, the ])i>ton ))<• opfraled by some motor 
that IS al.>le to cxi-rt a ;:rcab;r j)rfssun' and at the same time 
perform a high nuniLM-r of o.^cillalions \Ktv second. It is then 
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possible that though tlie quantity of air forced out of the 
cylinder at each stroke may be small, yet by reason of the great 
number of these impulses, the combined quantity per second 
may amount to the same as that forced out of the cylinder 
when the ball c was included in the circuit. The reasons for 
this are the same as those given in Art. 84. 

87. The Condenser Electrode. — Looking at the con- 
denser effects produced by high-frequency currents in this light 
they may appear less mysterious, in particular when it is 
remembered that these currents are not alone of high frequency, 
but also of high pressure. The principle underlying all these 
phenomena, where a capacity comes into play, is simply that 
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of the Ivcyden jar, as explained by means of Fig. 44, and in 
other places. Let this be illustrated by an example taken from 
the application of high-freijuency currents. Fig. 47 represents 
an electrode used for skin- treatment by these currents. The 
current is sent through the conductor d through the binding- 
post h into the interior of the glass cylinder c that is filled with 
fine graphite powder or has an interior coating of tin-foil. The 
handle a is made of hard rubber and acts as an insulator for 
the operator's hand. Let it be supposed that a wave of positive 
potential is sent into the graphite, that in this case corresponds 
to the interior coating of a Leyden jar. The glass cylinder c 
plays the role of the dielectric while that part of the skin with 
which the electrode comes in contact may be considered as the 
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exterior coating of the Leyden jar. The momentary positive 
charge will induce a negative charge on the exterior coating and 
a current-impulse of negative potential will move through the 
tissue towards the tip of the electrode. When the current 
reverses its direction the interior of the electrode will be 
negative and a positive charge will be induced in the adjacent 
tissue. The same phenomenon meets us again here, viz., a 
relative small charge alternating in potential at a high frequency, 
and thereby inducing currents of relatively high amperage in 
surrounding tissues. The remarkable feature about this phe- 
nomenon is that a current is produced, though there in reality is 
only one electrode and apparently no complete circuit. But 
after the explanations given by means of Figs. 46 and 47, the 
reasons should be clear. It should be added that in practice 
this electrode rarely is in direct contact with the skin. There 
is usually a space of about 1 to 4 millimeters between electrode 
and skin, and numerous violet sparks are seen to pass across the 
intervening space. By increasing the distance the sparks will 
decrease in number but increase in intensity. 

88. Resonance EfTects. — One more striking character- 
istic of liigh-frcciuency currents is their resonance effects. A 
consideration of these would rather go beyond the scope of this 
paper, and a few remarks on this subject must suffice. When 
a piano string of a certain length and diameter is set into 
vibration it may, by reason of the phenomenon of resonance, 
cause anotlier string to vibrate that is either of the same length 
and diameter, or a sim})le fraction or multij)le of same. The 
effect on tlie second string is a cumulative one, that is, each 
imi)ulse j)r()eeeding from the primary vii)rating string adds to 
the vibration provioiisly ^iven the se(^ondary string until a 
maxiniiun is obtaiiK'd, which is of less intensity than that of 
the primary strinir. What is (^allcd resonance in electric cir- 
cuits is somewhat similar in its manifestations. For instance, 
if a charge is oscillating in a cinuiit of a certain capacity and 
self-induction, tin- ctli('r-wav(\^ proceeding from it will cause 
electric cliargi's to oscillate backward and forward in another 
circuit that is either of the same kind or bears a certain simple 
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relation to it, The impiilai; iDiparted will at first be very weak, 
but by always arriving at the right nmment the effect will also 
here be a cumulative one, until at last the energy received may 
be lai^e enough to show its presence by causing a discharge 
across an air-gap in the circuit by means of a spark. 

80. Utilization of niffh- Frequency Currents.— We 
are now in a position to consider the apparatus hy means of 
which the currents of high frequency are either produced or 
utilized. 

There are three methods by means of which these currents 
may be applied — that of condensation, auto-conduction, and 
local application. 

1. Oondnuiatwn. — In either of these methods the induction- 
coil, as described in Art. 82, forme the foundation, It may be 




operated by an alternating, or l)y a direct, current, with an inter- 
rupter in circuit. Static machines may also be U8e<l tor these 
applications, but do not give as uniform results ami are not as 
reliable. 

When applying high-frequency currents by means of con- 
denaation, the patient is usually placed on a lounge, as shown 
in Fig. 48, Between the lounge proper and the cushion 7* is 
inserted a metal plate P that is connected with one end of the 
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M^moid 8, while tliv either end connecte with the htuidleB ft, 
one nf which in shown, or it may he joimxl to a plate against 
"fhich the patifnt'a feet may rest. The solenoid with Leyden 
*r are hert; simply diiigriiinnialically represented, the coiineo- 
)Q with the other parts heing omitted. The comhination of 
,Mtient and lounge practically conBtitutes a Leyden jar in which 
we maynfifiume tho patient, for inatiuice, to be the inner coating, 
the cushion J", the dielectric, playing the role of the jar itftelf, 
and the plate /'the outer coating, 
Tci properly understand thf^ phenomenon, the student should 
,r in mind that there is the same difference in potentinl 
hetween the two ends e and / of 
the solenoid as there is between th« 
Ijcyden jars C, and C„ so that il the 
end e for the time being has a maxi- 
mum positive potential the end / 
would liB negative. The handles R 
with piitient would therefore also 
r bo iiositivcly chai:ged while the 
pliite /' would bo negative. As 
soon as the I^^ydon jars change 
polarity, patient and plate will do 
the same, and the result will l>e that 
the patient ie constantly subjected 
to a back and forward surging of 
electric charges of high potential 
and fretjuency. 

2. Aula - Conduction. — The phe- 
miinenon utilized in this method 
is somewhat different. In its ele- 
""■ "' mentary form we may suppose the 

large solenoid V, shown in Fig 4i), to have its two extremities 
connected. to the solenoid S in Fig. -t4. The solenoid I' 
will then be traversed by currents of high frequency, and 
intense inductive effects will he produced in the space sur- 
rounded by it. If, Uu'n, a patient is inserted in the coil, as 
indicated in the illustration, he will be subjected to those 
inductive influences, and heavy currents of high fretjuency will 
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surge through his body in directions parallel with those of the 
inducing current. 

3. Ijocal Application. — For local applications of these cur- 
rents, either Ou(lin\s resonator or D^ ArsonvaP 8 improved bipolar 
high-tension coil are utilized. The fundamental form of the 
resonator is shown in Fig. 50. The function of this coil is based 
on the j)henornonon of resonance mentioned in Art. 88, other- 
wise the apparatus is very similar to that illustrated in Fig. 44, 

f 




the difference being that only part of the solenoid is includeil 
in the lA'yden-jar circuit, the remainder being acted on j)artly 
by resonance and partly by induction. In Fig. 50, tlie part 
marked g h is that triiversf^l by Leyden-jar currents. The otlier 
part (J i acts as tlie resonator j)r()per. In order to be able tenta- 
tively in finding the proj)er relation between the two coils, the 
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Conductor at ;; ir ho constructed that by means of a clamp or 
Cuntiict ihu number uf turntj iiioludud in the primary coil y A 
may be ailjuKtcd 80 an to give a maximum effect iu the etecuuiJ- 
»ry coil g i, which will show ite«l( by the apiK-arunce of a con- 
»ctaive dihcliargc at i. At lliid jtoint tliw conducts ng-oird llint 
leade to the [latient's eWtrode is attached and efToctn prodDoed 
tliat wuru illu8triLtird i<y i 




The D'Arsonval bipolar high-tension coil is illnatnted Id 
Fig. 51, in which g h represents the primary coil of coana wtn^ 
and i k the secondary iine-wire coil wound on the dram «, 
Communication is cstal>hshed between the coil g h uid the 
Leyden-jar circuit ej through the metallic guides n o with.irhich 
the primary coil makes a shiiin^ contact. To the binding- 
posts ik arc attached the con ducting- cords for the electrodes. 
When the primary coil y h occupies the position indicated, the 
effluvious discharges will be evenly divided at each electrode; 
but this discharge may be limited either to the left or the iJ^it 
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binding-post and electrode by moving the primary coil either 
to the right or left. In that case the active electrode is applied 
to the d(*sired place and the other used either as an indifferent 
electrode or grounded. 

A recent variation of the D'Arsonval apparatus is shown 
diagrammatically in Fig. 52. The induction-coil / with spark- 
gap G and Ley den jars C^ and C, are arranged as previously 
explained. From the outside coating of Leyden jar 0„ con- 
nection is made with the primary coil S of coarse wire that 




FlO. 52. 

again connects with the resonator R. The auto-conduction 
coil V may be brought in communication with the resonator 
either by means of one of the conductors ?, or /„ or by both 
jointly. In the primary coil /S is a secondary coil T with 
about 5 times more turns, that will give a current of higher 
E. M. F. One end of this coil is connected with the electrode E 
and the other with the ground at t This electrode can also be 
connected to any of the turns in the resonator R by means of a 
spring clamp. By selecting the proper place, weak or strong 
currents may be obtained, depending on how near or far the 
clamp is to its connection with the primary coil. 



80 ELECTROSTATICS. ' §3 

90. Electrodes. — The electrodes utilized for applying 

high-frecjuency currents are of three kinds: Ordinary metal 
electrodes, condenser electrodes, and vacuum electrodes. 

The metal electrode is simply a metal button or ball, elongated 
or broadened, as circumstances may require, and provided with 
an insulating handle. 

Condehser electrodes have already been explained. Any vari- 
ation in their form may be made so as to adapt them for external 
or internal use, or for action on a broader or more limited area. 

The vacuum electrodes consist of an elongated glass tube with 
a low vacuum and provided with one terminal only. A reddish 
or bluish stream is noticed in the interior when connected to 
the conductors of a high-frequency coil, depending on the con- 
dition of the vacuum. When contact is made with the elec- 
trode, the stream is seen to direct itself to the point of contact, 
and the usual display of sparks is noticed on the external 
surface of the electrode. 
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APPARATUS USED FOR CONTROLLING 

AND MEASURING. 

1 . Introductory. — In this section the various apparatus 
required in the application of the direct, faradic, and sinusoidal 
currents will be considered. It may, therefore, to many students 
appear to be the most important one, and they may perhaps be 
of the opinion that the previous subjects are of secondary 
importance to the present one. Of course, the prospective 
benefits to be received from the practical application of any 
knowledge obtained is always the main end in view; but a 
requirement of prime importance, and which must first be 
complied with, is that the knowledge gained is not of a transi- 
tory nature but thorough and lasting. We wish, therefore, to 
say at this point that it is not sufficient to have read the 
previous sections understandingly and answered the questions 
correctly. A subject such as electricity, that is so different in 
its laws and manifestations from other phenomena daily met 
with, cannot possibly be properly digested and assimilated at 
one reading. It needs reconsideration and reviewing again and 
again, when new light will gradually be thrown on many 
questions that at first appeared very simple and elementary. 
One will little by little learn to see their importance and wide 
application in numerous C4i«e8 and varying conditions. 

As the one subject of j)rime importance we wish to call atten- 
tion to Ohm's law in all its variations. So simple as this law 
appears at first glance, so surprising is it to the student, by 

For notice of copyriyht, utt jmujc imnmiinUly JiAlowimj tht' titlt jhujc. 

H 
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degrees, to discover its wide scope of usefulness in tU electoo- 
therapeutic treatments. The physician should, therefore, be aa 
famih'ar with it as with his multiplication tabla By thiBi we 
do not mean a simple memorizing of it in its three forms, but 
oonstantiy to have it in mind and apply it to the vaziatioiiB 
that may be accomplished in any electric circuit; be it with a 
patient in the circuit, or an arrangement of electric devioea 
subject to the action of the current Some of these applicatioiiB 
will be explained in the following pages, but there are nnmeroiu 
others that the physician may find among his daily ezperienoea. 

Regarding the theory of the various apparatus given in the 
previous puges, which to some students may seem more or leaa 
superfluous, we may say that if it were not of importance to 
know the fundamental principles on which the action of the 
, several appliances depend, it would greatly simplify the study 
of electricity, as far as electrotherapeutics is concerned. A 
simple description of how to use the different devices would 
then fill all requirements. The physician would then occupy 
the not very enviable ik>8ition of tiiat of the general public with 
reference to the numerous patent medicines offered in the 
market. In both cases, it is a blind faith in means about the 
nature of which one is ignorant. 

It should also be remembered that these sections do not 
alone serve the purpose of imparting necessary information, but 
serve also the additional purpose of placing the student in 
a position in which he is able to acquire additional information 
and to follow up the progress that is made in his branch. To 
work intelligently and with the best results the practitioner 
should not alone know what he i8 doing and wherefore, but 
should also be able at any time to step out of the beaten path 
of his regular routine work to nmkc independent investigations 
and at. the same time be able to interpret the results correctiy. 

2. Scope of this Section. — In the present section will be 
considered the steps necessary to regulate the current-strehgtii 
that is available from any source at hand either by means of a 
cell-selector, or rheostat, or both in conjunction; also, instru- 
ments that will record the pressure and strength of the current 
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that passes through the patient, electrodes as means for direct- 
ing the current to the desired part of his body, and the 
lij'draiilie bath, in which a certain quantity of water serves as 
an electrode either covering part of or the whole body. To 
complete the information about sources of electric pressure, the 
dynamo is considered in its general features; finally, apparatus 
that serve as motors for running static machines and devices 
such as centrifuges, etc. 

APPARATUe USED FOR CONTROLLING THE 
CIFRRENT STRENGTH. 



CELL-SELECTORS AND RHEOSTATS. 

3. Purpose or Cell-Selectors.— When a voltaic battery 
is used as a means for supplying the galvanic current to a sub- 
ject, it consists usually of a large number of cells, as for instance 
40 or 60, in order to provide the necessary voltage when cur- 
rents of greater strength are required. It is very likely that the 
whole battery is used only on rare occasions, and that more fre- 
quently merely a small i«irt of it is put in action. In such 
instances, it would not only be inconvenient to constantly have 
to disconnect and reconnect the various cells, but it would also 
give opportunity for making wrong, as well as poor, connec- 
tions. It is therefore preferable to have the cells connected up 
once and for all and to use other means for selecting the re<iuired 
number of cells, as the treatment at hand may reiguire. 
" The cellfi are mostly c^onnected in series, and it is, therefore, 
simply a question of including a greater or smaller number in 
this series. For this purpose dngU-handed or ilouble-handed cell- 
»elector« are used. 



4. Single-Handed Cell -Selectors. — If the battery con- 
tains a smali number of cells, then the slugle-handod seloc- 
tor, shown diagrannnatically in Fig. 1, may answer the 
requirements. The letters E„ K„ etc. indicate the separate 
cells, while z, c stand, respectively, for the negative and posi- 
' tive elemeulA of the same. The positive element of each cell is 
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connected with the negative one of the preceding cell by means 
of wires Cp except the positive element of the first and the n^a- 
tive one of the last cell, which communicate directly by means 
of wires c„ c, with their respective studs c/^, d^. The wires e 
connect the other studs to the cross-connections Cp already 
mentioned, yl is a plate of insulating material — as ebonite, 
slate, or hard wood — well varnished, in which the buttons d^ d,, 
etc. are inserted, Jind over which the lever, or hand, B is 
intended to move and establish contact. The hand B is piv- 
oted on the stud B^, which connects with the negative terminal 



h-^ 




r 




/), tlir()u«rli the win^ /. The oilier terminal />, is connected U> 
the stud f/, 1)V means <»f the win' c. All tliehse connections are, 
as indicated hy the dottiMl lines, mider the j)latc -.-1 and there- 
fore^ out of tlie way, except the wires // and h, which connect 
the selector with the device upnii which the electric current is 
intendcil t«» act. 

In the j)reseiii j»n>itiMn «.f the hand, the l*n>t two cells E^^ E^ 
are j»hi('ed in action, whih' il:r reiuainini: «'ells are out of circuit 
and inactive. If thr liaml />' i> phued nn the stud c/j, the cell 
/s', alone will he in action. It is thu.^ seen that hy moving the 
hand to the left, nmrr an«l more celN will he ])laced in action. 
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until, when the Ptiid <1^ is reached, all the cells are included in 
tiie circuit. 

The drawback inherent in this selector is the necessity of 
using some of the cells more than others. For instance, cell E^ 
will be included in any combination, and will therefore be 
sooner exhausted than the rest; while E^ will last the longest 
because less frequently used. 

5. Double- 1 landed Selectors. —In the double-handed 
selector, as illustrated in Fig. 2, it is possible to use any num- 











her of cells in any part of the series, and to let these alone be 
acting, independently of the cells preceding or following in tlie 
series. By this means it is possible to use all the cells to the 
same extent. This is accomplished by the introduction of an 
additional hand 7?,. The interconnections of the cells, and 
their connection with their respective studs are exactly the 
same as in the preceding figure. Th(^ new feature is found in 
the hands, one of which B^ connects with the positive terminal 
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Dp while the other B^ connects with the negative terminal D^ 
The two hands are insulated from each other by the ebcxiite 
bnshing B,; B, and B, revolve around the stationary stud JB. 
There is an extra stud d^, which has no connection with the 
cells; whenever the hand B, makes contact with this stad, 
the battery is on open circuit and no current will flow thiou|^ 
the wires g and h. It is seen that if one cell only is required, it 
is just as easy to use the last as the first cell, in fact^ any sinf^e 
cell can be selected. For instance, placing the hands on <{„ and 
d,g, the cell £,« alone is in operation; while on making contact 
with d, and d^ only the cell E, is in circuit In either of the 
figures the arrows indicate the direction of the current from the 
negative to the positive terminals. 

6. Seleotora as dmrent-Beffulators. — It is dear that 
these selectors will also serve as oarrent-refirulatorBs In 
Fig. 1, by placing the hand B on the stud d^ and gradually 
moving it from stud to stud, and in Fig. 2, by letting the hand 
J}| remain stationary on d^ and moving J?, over the studs 
toward the left. In either case, the B. H. F. will be increased, 
and, if the external resistance remains the same, also the cur- 
rent-strength. As the addition of one cell at a time will make 
the increase too great to suit electrotherapeutic purposes, a 
rheostat must be used in conjunction with the selector. This 
will enable the operator to give any desired current-strength 
intermediate between that of the two cells. 

It is not always that every cell is connected with a stud; 
sometimes it is only every second or third cell. In that 
instance, the pressure is increased by two or three cells at a 
time. This is done when the number of cells is very great, in 
order to avoid too many connections. 

7. Precautions to be Observed. — Care must be taken 
not to leave a hand between two studs in such a manner as to 
make a contact with botli, as the cell that is inserted between 
these studs will be short-circuited and perhaps permanentiy 
injured. If, for instance, the hand B, Fig. 1, should be left be- 
tween the studs f1^ and d^, cell E^ would be short-circuited, because 
the current could pass from d^ through B and d^ back to the 
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cell. The two biuding-poBts of the cell would, in reality, be 
directly connected without any intervening reaietance and the 
cell would quickly run down. 

8. Otjectlon to Cell-Selectors. — To install a battery of 
50 or 60 cells with the necessary connections ti5 the selectors ia 
quite a task, na it requires u great many connections. The bat- 
tery, very likely, is in another part of the office or building; it 
may therefore, for instance, require about 60 separate wires to 
connect the battery with the cell -selector. Then, again, in case 
any renewal of ccIIh is required, it is not always easy for a 
novice to locate the trouble and repair matters himself. Finally, 
it requires a rheoatat in conjunction with the aelector to regulate 
the current-strength in all its minute variationB. For these 
reasons, modern practice tends to diapenae with the cell-aelector 
and to regulate the current entirely by the rhenstat. 

9. The Rheostat. — When the rheostat is used for regu- 
lating the current-strength of an entire battery of voltaic cella, 
all the cella are simply connected in seriee and only the first 
and last binding-poats of the battery connected to the rheoatat 
by ineana of two wires. This ia illustrated by Fig. 3, which 
shows diagram matically the cells, rheoatat, and their connec- 
tions. E„ E„ etc. represent the cells connected in series by 
means of connecters c, c. A is the wire rheostat with the two 
binding-posts I),, l\ to wliich the battery wires c, and c, 
are connected. B is the resistance coil proper that through 
wire (f| is connected with the biuding-poat /J,. A lever G, 
which rotates around the stud k, makes a aliding contact with 
.the coil n and ia, through the wire /, brought into communi- 
cation with the electrode binding-post £■,. The other binding- 
post E^ ia, through the wire ti,, brought into direct 
communication with the battery. The patient connects, 
through conductora i/ and /i, with the rheostat. It ia seen that 
the current from the battery passes at first through wires c„ d^ 
into the resistance-coil, and from there through lever O, through 
wires I and g, to the patient. The position of lever G will 
therefore determine how much resistance is inserted in the cir- 
cuit, ae tlie nearer it is brought to the end b^ the leea resistance 




8 



AOCBSSORY APPARATUS. 



S4 



is indaded; while the more it approaches the other end 6, the 
more the resistance will increase. When, therefore, the lever 
stands at*6„ all the resistance is cut out and the patient reoeives 
the whole strength of the battery-current If at b^ the whole 
resistance is inserted and a current of minimum coirent- 
strength is delivered. It is seen that here the resistanoe is in 
series with the patient and that, therefore, the entire omrenl 
that reaches the patient must first go through the rfaeostaL 
This has certain disadvantages, one of which is that the comnt- 
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strength cannot be reduced to absolute zero unless the resistance 
of the rheostat is very high; for this reason, and also to insure 
greater safety when the commercial lighting circuit is used in 
place of a voltiiic battery, it is general practice to connect the 
patient in shunt with the rheostat. The subject of shunts 
has been explained in Direct Ciurents^ but it requires some 
further elaboration here in order that tlie function of the shunt, 
when used for current regulation, may be better understood. 

Ati the voltage of an electric current decreases as it passes 
along a circuit and overcomes the various resistances, it will 
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now be shown how this v.iriation in pressure, in combination 
with a shunt, will enable us to vary the pressure in a patient's 
circuit when connected with either a lighting or battery-circuit. 

10. Hydraulic Analo^cy of a Shunt Rheostat. — Let 

the coiled tube A, Fig. 4, l>e supplied with a current of water 
that is subjected to a constant pressure. At certain intervals 
the coil is provided with faucets c„ c„ etc. to which the rubber 
hose d may be connected. The latter is supposed to supply 
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the hydraulic motor M with water under sufficient pressure for 
the power it may have to develop. Let it be supposed that the 
pressure at r, is 50 pounds per square inch, and that at each 
succeeding faucet there is a decrease in pressure of 10 pounds; 
the pressure at c, will then be zero. This loss in pressure is 
supposed to be caused by the friction of the water along the 
walls of the coils. It is now clear that we may select any 
desirable pressure between 50 pounds and zero with which to 
drive the motor M by simply connecting the hose to the faucet 
in possession of the necessary pressure. Water will then flow 
both through the coil A and tul>e d and they may be said to 
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be in parallel, or that d is a shunt to A. By connecting if to 
faucet c^ it would receive no current, because the prenare there 



11. HydTanllo Analogy of a Serlea-Btaeostet. — ^The 
Beriei-priDoiple made use of in Fig. 3 may here be further 
elucidated by a similar analt^ that may help to empbanse the 
difference. Fig 5 illustrates the seriee-piinciple. It is nmilar 




to Fig. 4 in all respects, except that one end of the coil a 
provided with a cap a which prevents any flow except through 
the faucets. If now, for instance, the hose d is connected to 
c„ the water will flow through the coils up to that pointy and 
beyond that the water will he at rest in the coil. It may there- 
fore be said that this arrangement ropreseiitg a aeries-combina- 
tion, as all the water must flow through the coil iiefore it can 
reach the motor M. 

12. Compovlson of the Two Mothmls.^At first glance, 
there may appear to hp little difference between these two 
arrangements, -.ntd tlint l>y the latter conibinittion it would be 
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possible to secure the same kind of variation in pressure as with 
the former, but this is not so. It must be remembered that in 
Fig. 4 the water is constantly flowing entirely unhampered 
through' the coil and of nearly uniform strength, providing the 
resistance of the hose d is great, compared with that of A. 
This is not the case in Fig. 5. Here the current, after leaving 
the coil, is subjected to the high resistance of the hose dy and, 
consequently, is reduced in strength. The decrease in pressure 
will, therefore, not be 10 pounds at each faucet, but something 
less. Consequently, when connection is made with c^ there is 
still a pressure sufficient to start a current and no zero position 
is obtainable. When no water is flowing through any of the 
faucets, the pressure is uniform at all of them. 

13. Shunt Rheostat for Electric Circuits. — Let us 

now apply the combinations just explained to an electric circuit, 
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as illustrated in Fig. 6 in which B is battery that sends a current 
through the resistance-coil ac by means of conductors />, b^] d 
is a contact-shoe that may slide along the rod e/and make con- 
tact with the coil at any desired point. The patient P com- 
municates with the shoe d by means of conductor 7, and with 
the other end of the coil by the conductor /;,. A current will 
now flow constantly through the coil in the direction indicated 
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hy thfl arrows, n.nii the current will eiifler n certain loss white 
OMiing through bumI coil, the iiretwure at a bcinE a maximum, 
it ifl cli^tir tiint by eliding the shoe alnn^ from Mt to right any 
vHriRtion in pressure may he derived from maximum down loj 
Kcro. 

If tlie K. M. F. ol the battery is GO volts, the resistance ( 
the coil 3, 000 uhniE, and the rcsiMtance of the battery is neg1ect« 

GO 
S,66S' 
— .02 ampere. If we imagine the coil to be divided into 4]| 
equal partfi at c,, c„ r,, <■,, then the preesure at a will be 60 voItB 

id at c„ c„ c„ Cj, 45, 30, 15, and volta, respectively. In cnsftf 
uie resistance of the patient is 3,000 ohms, the currcnt-Btrengtbl 
irougb the same will, when tbe contact-shoe occupiee in sues J 
.^8ion the points indicated, be 20, 15. 10. 5, and milliauiperee, I 
respectively. Of course any intermediate points will give cor- 1 
responding intermediate values. That iio prrjssure or current^ 
should be received at point r. may, at first, seem strange^ f 
bt^nuse as long as a current of . 02 ampere or 20 milliamper^e ii 
passing at this point, it would seem that part of this current at 1 
leapt, fihoukl pa,sa through the patient. But it must be remem- 
bered that when the shoe d stands at c„ then is qo diflerenoe ot 
potential between tbe conductors j^,, g,; we have pieriporiyMen 
that this is the first requisite for starting a current tlmmg^ a 
circuit, in this instance that of the patient. 

By means of this shunt combination, it is possible to provide 
a branch circuit, such as the human body, with any amoimt ci 
electric pressure, depending on the resistance of the ooil a c 
and the current-strength through the same. By increaong 
both the resistance and the amperage, the drop ot potaBtiAl 
will be increased and likewise the available preesDie in the 
shunt circuit. 



14. Series- Rheostat. — We may now proceed to the 
electric analogy of the circuit shown in Fig. 5. This is rqM»- 
sented in Fig. 7. £ is a battery of 60 volts, a c is tlw sesbt- 
ance-coil of 3,000 ohms, and P the patient with a rariftaDW ol 
3,000 ohms. If the shoe occupies the position indioateclt fU 
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the resistance of the coil is cut out and the maximum current 

= .02 ampere, 



is sent through P, It will be C = -^ = o-tw^s 

H OjUUU 



or 20 milliamperes, if the resistance of the battery is left out 
of consideration. When the shoe d is placed next to the end 
c, all the resistance will be in series with the patient and a 

minimum current will flow, amounting to b~7vSrrT~o ~nru\ = -01 

OjUUU -f- OjUUU 

ampere, or 10 milliamperes. This minimum current-strength 
can only be reduced by increasing the resistance of the coil a c. 

15. Choice of Series or Shunt Rheostats. — Either of 
these methods, or both combined, is used for r^ulating curreni- 
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strengths in electrotherapeutics, and the apparatus described 
is called a rheostat. Sometimes the devices described in Figs. 
6 and 7 are named volt-selectors, because they enable the 
operator to select the voltage to which he wishes to submit the 
patient Whether to select the shunt or series-method depends 
somewhat on the conditions. When a voltaic battery is fur- 
nishing the current, many prefer the series-arrangement, because 
in this case there is rarely more current than is needed; and for 
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economical reafions it is preferred not to let the cmxeiit flow 
away uselesaly in the main circuit, as it would through ibm 
coil a e in Fig. 6. 

When the commercial lighting circnit ia utiliied, ii is mainly 
a question of reducing a high pressure to a lower one^ bendes 
that of safety. It is not advisable to have the patieni in wenm 
with the main circuit as he, in case of a short-dieiiit on the 
line, would be exposed to any high-pressure current that naay 
accidentally be sent over the same. 

Sometimes for the sake of finer regulation, an additional 
shunt is made to a shunt, but it will not be necessary to illus- 
trate and explain this any further, as the student will be^aUe 
to see the effect by a little study. 

16. Rheostats In Their Conimerolal Fonns. — Hie 

utilization of a contact-shoe, as shown in Figs. 6 and 7, indi- 
cates simply the principle applied in varying the prpsaare and 
not the actual constructioD, and some of the rheost^tii as used 
in practice will therefore now be illustrated and explained. It 
is dear that the main part of a rheostat is the resistahoe thatis 
included in the same. How large this resistance must be or of 
what material it preferably is made, depends very much on the 
purpose for which it is intended. The resistance may either be 
a group of incandescent lamps, the carbon filament being the 
active part; a coil of high resistance wire, such as Qerman 
silver; a cplunm or ring of carbon or slate; or a combination 
of the latter materials. 

The general principles of the wire rheostat was illustrated in 
Fig. 3. Ordinarily, the wire coils are embedded in some 
insulating materials and are invisible. At certain intervals they 
are connected with metal buttons that project through the 
rheostat surface and thus permit contact to be made with the 
revolving lever. 

1 7. Carbon lUieostat. — Most rheostats are simply varisr 

tions of the wire rheostat, in which the resistance-coil is replaced 
by a resisting path made either of carbon or mixtures of carbon 
with some other material. Fig. 8 is a rheostat, the upper surface 
of which is made of slate to which a carbon coating has been. 
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given by nibbing it with a fairly hard pencil. The carbon 
depOBitcd in this manner serve« as a i>ath of a sufficiently high 




resistance. The length of this path ia varied by placing a lever e 
with the copper spring '', at various distances from the stop e. 
Thie layer of graphite needs to be renewed at intervals by 
being rubbed over with a 
pencil; in the eame manner 
the total resistance of Ihe path 
can be decreased by depositing 
a thicker layer of graphite on 
the same. There are also other 
forms of carbon rheostats in 
which the carbon is pernia- 
nenlly embedded in the insu- 
lating mass. 

18. A Carbon Rlieo^lnt 
In Series and Hhiint. — The 
pmtient's circuit may be con- 
nected with the rheoBtat either 
inaerieflorshunt, Toilluslrate 
the difference between these 
connections, diagrammatic 
views of two such circuits are 

given in Figs. 9 jind 10. In both of tliese the heavily shaded part 
represents the resistance path that the current follows through 
the rheostat. The aeries- arrangement ia slinwn in Fig 9. Here 
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the current loaves the hattery /? through the conductor d and 
enters tlie rheostat through the binding-post a. It then passes 
along the rheostat, in the direction of the arrows, until it meets 
the lever /, through which it branches off into the poet c, and 
from there through the conductor 6, through the patient P, back 
to the battery. The length of the path in the rheostat over 
which the current is compelled to travel, determines the resist- 
ance and, thereby, the current-strength. 

In the shunt airangement illustrated in Fig. 10, the current 
again enters at a, but traverses the whole resisting path, as 
shown by the arrows, and leaves it again at 6, whence it returns 

to the battery. We have here 
conditions similar to those 
illustrated in Fig. 6. The 
lever I here plays the same 
role as the shoe d, that is, it 
selects the voltage to which 
the patient's circuit is to be 
subjected. In the present in- 
stance, one-fourth of the avail- 
able voltjige is impressed on 
the patient's circuit, because 
the lever / occupies the first 
quarter of a complete revolu- 
tion and in that position offers 
the current a by-path over 
which it will How through con- 
ductor </, toward the patient P, 
and from thence return to the 
binding- post b and battery B, 



\ 
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Fig. 10. 



The (liffercnct^ Ix-lwf-en these two arrangements has been 
j)()inted out hy nieiins of Figs. (> and 7 and requires no further 
mention at tliis jjoint. 



10. Anotlicr C'arbon Khoostat. — Instead of having the 
carbon in tli<' f(»rin of a circular plate, it may also be used in a 
cylindrical form, as shown in Fig. 1 1, where a is the carbon rod 
8upi)orted in the brackets h^ and h.^ Tlie rod r, besides serving 



ACCESSORY APPARATUS. 



17 



I 



as a shunt to the rod a, also guidcB the contact-spring d with 
which the cnrrent-strength is regulated. A current is sent by 
the battery B through conductor g, into binding-post e, and 
thence through bracket b„ rod a, post h„ to binding-post/, then 
through conductor g, back to the battery. At the same time, 
part of the current passes tlirough the contact-shoe d, into rod c, 
post (', conductor A,, and electrode E,; from here it goes through 
the patient to the other electrode E„ conductors h^, g„ and back 
to the battery. The rod c is insulated from the bracket 6, by 
means of a hard- rubber sleeve, as indicated. 

Arranged in this manner, the patient is in shunt with the 
rheostat and a current of maximum strength will, therefore, he 
supplied to him when the contact spring d occupies a position 




t to the extreme left, and of minimum, or zero, strength when at 
the extreme right. It corresponds in its action very closely to 
' the apparatus diagrammatical ly shown in Fig. 6. 

20. Carbon Pressure Rheostat. — A rheostat ba^ed on a 
, somewhat diiTerent principle, consists of a column of carbon 

"powder, through the whole length of which the current is coiu- 
' pelled to flow. Its rctdstance is varied by Bubjecling the 
L column to more or less pressure; an increaae of pressure brings 
I tbe carbon particles in closer contact and decreases the 
I KBistance. 

21. Bailey's Rheostat. — A coiubination of carbon and 
'. *ater is used in llie rheostat shown in Fig. 12. A is & glass 
y Teasel, partly titled with water, d, d two triangular pieces of 
[ carbon supported by two rods /, /, which carry binding-posts 
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deeply into the water, thereby Bimultm 
swjtioniil ur^'ii mid decreasing the 
length of the water-culumn situated 
Iwtwecn the two carbons, 



22. Fluid Klieostut. — An- 
ntht-r IliilU rheostHt ia illustrated 
ill Fig. i;i A in a. giiiss cylinder 
tilled with a liquid of a certain spe- 
cific resistance, depending on the 
voltage of the circuit. The cylinder 
is inserted in the hase b and pro- 
vided with a cap c. Through the 
Imse projects the rod rl, wliich temi- 
iiiatea in the ball t/,; at its other 
extremity it has a binding- post j,. 
The current enters through the lat- 
ter, and leaves the terminal li, to 
continue its passage through the 
liquid column until it meets the 
other terminal e., when it Hows 



through the rod e into the cap c and ont thi 



at the other. Both a 
the latter engage » 
a worm provided v 
a milled head c. 
the i>oint of each canfl 
bon is a sponge # thatfl 
conetnnlly dips into m 
the water, and thus J 
makes the closing of] 
the lircuit more grad- 
ual. The conductors 1 
.'/i< ?, cnmniUQicate J 
with the carbons, and J 
by turning the head c I 
the carbons are madaj 
to dip more or les 
iisly increasing the 1 
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post ^1- The resistance is increased by turning the milled head/ 
in a direction that will compel the threaded rod e to rise and 
thus increase the distance between the terminals d^ and ty A 
rheostat of this form may be used in combination with an 
influence-machine, and control a current with more than 20,000 
volts pressure. 

23. Incandescent Ijamps as a Rheostat. — When incan- 
descent lanips are used as a rheostat they may be arranged 
as shown in Fig. 14 where a is the binding- post that connects 
them with the positive terminal of a commercial lighting circuit 
and h that with the negative terminal. It is supposed thUt a 
difference of potential of 1 10 volts exists between the two ter- 
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minals; and as tliere are four lamps in series, each lamp will 

consume one- fourth of the available voltage, or -j- = 27.5 volts. 

Therefore, while the current passes from connector c through 
lamp Lj to ci, it suffers a loss of 27.5 volts; from c to «, a loss of 
2 X 27.5 = 55 volts; and from c to /, 3 X 27.5 = 82.5 volts. 
It is therefore possible, by suitable means, to select a voltage 
ranging from 27.5 to 110 volts. Of course, this combination 
could not be used directly as a rheostat for therapeutic pur- 
poses, ^because unable to give the finer gradations. It is cus- 
tomary to use it simply for effecting the main divisions of an 
available electric pressure and to let the smaller divisions 
be made by other means, such as a carbon rheostat. The lamps 
may then be arranged in the manner shown diagrammatical ly in 
Fig. 16. The lighting current enters through the binding-post a 
and passes successively through the four lamps L^^ L^, Z„ L^^ 
and the other post b back into the main circuit. From the 
connections d, e, and / lead connectors to the contact-buttons 
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2y 3y and 4, with which the lever I may make contact This 
lever will, therefore, act as a volt-selector, giving, in the position 
it now occupies, 27.5 volts, and 55 or 82.6 volts, respectiyeljy 
when on the buttons S or 4- 

The carbon rheostat R is for the purpose of graduating the 
current-strength passing through the electrodes P^, P, to the 
patient. The rheostat is connected in shunt to the lamps by 
letting the conductor h connect the binding-posts o^ r^ and the 
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Fig. 15. 

other conductor o the binding-post r, and m. From r, passes 
a coiiducting-cord ? to tlie electrode J\, and from i\ another 
cord n to the other ehrtrode J\. The h'ver j\ Avill adjust the 
current-stren^'tli through these electrodes. It is now seen that 
while a current is constantly llowing through the four lamps, a 
branch current is also continually jKissing through the con- 
ductor //, the rheostat A', conductor o, and lever /, through any 
of the conductors r/, r, and /, dej>ending on which button the 
lever may make contact with. In this manner the rheostat will 
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he subjected to the vciltage that any of these eonduetors may 
possess. When the lever connects with button 7, the circuit 
through the rheofitat is broken. The rheoHtat adjiists the current- 
strength from zero to the maximum that may be obtained from 
the various posUiona the lever I may occupy. If the lowest 
voltage of 27.5 volts is insuSicient, the rheoetat is brought into 
it« zero position and the lever placed on the next button and 
this operation may be repeated until sufficient strength is 
obtained. 



AMMETERS AND VOETMETER8. 

24. Principles of Ammeters. — If the electric current is 
to be used with any exactness, instruments are needed that will 
measure it« strength and pressure. In its application to med- 
ical treatment this is particularly true, as the various purposes 
for which it is required demand various current-strengths. In 
some instances an overdose may not only be annoying but also 
dangerous, or may cause permanent injury. 

When we speak of measuring the strength or pressure of an 
electric current, it must not be understood to mean that it is 
measured in the same manner as a gas meter measures the 
quantity of gas flowing through it, or as the pressure of the gas 
by means of a gage, giving the pounds pressure per sijuare inch. 
The strength of an electric current is measured more nearly in 
the same manner as an anemometer measures the speed of the 
wind. The former does not count the cubic feet of air passing 
it per second, but is simply set in rotation by the air-current. 
By otherwise finding the relation between the number of revolu- 
tions per second, caused by a certain spee<l of this air-current 
the speed of the latter can be read directly from a scale. 

So with electricity. We know that a coulomb per second 
constitutes an ampere, and it might therefon- he supposed that 
measuring the number of coulombs would answer the pur|)ose; 
but instruments of this character would not be practical for the 
present purpose. Neither would instruments based on the 
property of the current of depositing a certain amount of metal 
per coulomb of electricity. 

In commercial measuring instruments, other properties of 
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the cWtrir current arc found moro convenient for use. Thus, 
modern instnimente are based almoet exclusively on the phe- 
nonienn that two active conductore, or a magnet and a con- 
ductor, f.xi-rt a certain mutual influence on each other; or, that 
:m electric conductor will heat and expand in proportion to the 
nuinlier of amperes it transmits, and he able by means of the 
resiilling elongation to o|>erate a suitably arranged indicator. 
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Tile IVArsonval Galvanometer. — Small currente 
niorly imislly measured by means of the gnlvauoin-' 
eter; but lately such accurate 
^S=S==:^ and reliable portable measur- 

11 \\ ing instruments have been 

made that these measurements 
may be carried out with as 
great a degree of precision and 
with much greater facility. 
Therefore no description will 
be given of any galvanometer 
except the D'Arson-ral Gal- 
vniioineter. on the principles 
(if which some of the best 
iiiodorn measuring instruments 
liave iifen based. This instru- 
ment is illustrated by means 
of Fig. 10, and consists mainly 
of a liirpc permanent magnet 
I'P. hi'twecn the poles of which 
be current is led to the coil by 
■ic iilaliniini win's N, S. ivliicb siisiiend the coil, and 
■c the I'liil l<i torn in the same manner as a magnetic 
1 fur IJii' saiiii' reasions. The inngiietie lines of force 
in till' oiiil h-iid to jilace themselves, and there- 
il. ill a pnsiliun wln-r.' tliey will be parallM with those 
net, ami rnii ii) llii' satne (lin'ction. Tlie coil would 
Ijust ilsflf u( rinlit angles to its present iv)8ition, if 
cy wtTi' not opposed by Ibc suspension, which may 
Of an clastic wire. A pointer may be attjiohed to 
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the coil to indicate its di'flectiim, tiiough usually a mirror M is 
used, a reflected heani of liglit from wliicli forms the pointer, aB 
will be shown by means of Fig. 17. In many forms of this 
instrument, a soft-iron core / is supjinrled between the poles of 
the magnet, a space being left between the core and the umgiiet 
in which the coil swings. This core serves to reduce the reluc- 
tance of the air-space, and the strength uf the field wilt therefore 
be increased in proportion. 

By suitably shaping tlie poles of the magnet, the intensity of 
the magnetic Held, in various parts, may be so varied that the 





movement of the beam of light will be directly proportional to 
the current in the coil. 

Connection from the binding-posts B, B to the coil C is made 
through the platinum wires S, S. One of the chief advantages 
of this instrument is the fact that external fields, such as the 
earth's magnetism, have little ofFect upon it, so that it requires 
no controlling magnet or correction for the earth's field, and it 
may he used near dynamos or large masses of ir<jn without 
being affected. In Fig. 17, the galvanometer G is shown in 
combination with a lamp and scale, on which a rettocted im^re 
of the lamp tianie will move baik and forth. Under the scaled 

a little lens tube, with a short piece of wire placed vertically 
Bcroea the tube. The light from the lamp is, by means of the 
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coil and pole-pieces, partly liroken away, and Fi^;. 20 a 
separate view of the magnet and Btatinnary core. Tlie per- 
manent magnet A A hna 
Boft-ironpole-piecea P, P 
fastened to it by the 
screwH S, S, and bored 
out to make a cylindri- 
cal opening. In the cen- 
ter of this opening is a 
stationary soft-iron cyl- 
inder C, supported in 
place by a screw 3/ pass- 
ing through a lug on tlie 
brass plate B. Tlie cyl- 
inder being of a smaller 
diameter than the open- 
ing through the pole- 
pieces, there is left a 
narrow gap between the 
""' ""' pole-pieces and the iron 

2, as shown. The lines of force from tlie pernianeat magnet pass 
isB this space, making a strong and uniform magnetic field. 




The movable part of the instrument is 
Bhown in Fig. 21. It conBiBta of a rectan- 
gular coil C of fine wire, wound on an 
aluminum or thin copper bobbin, which 
IB suspended vertically between two deli- 
cate jeweled bearings. Two flat horizontal 
' springs S, S oppose the tendency of the 
L coil to rotate, and at the same time con- ^ 
i duct the current to the suspeniled coil. 

A thin aUmiinum pointer P, attached f»;. ii. 

|*t right angles to the coil, moves over the 

e and indicates the deflection of the coil from its normal 
ition, which is as shown in Fig. 18. When a current is sent 
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through the coil, the latter moves until the torsion of the Hprin^i 
equals the force with which the coil tends to move, when the 
coil conica to rest and the pointer indicates the angle of deflec- 
tion of the coil. 

The copper or aluminum bobbin on which the coil ia wound, 
in moving through the magnetic 6eld, has an electromotive 
force Bet up in it, which causes a so-called Foucaalt current, 
mentioned in Magnetism nnd Elertromnffrwlism, to circulate 
around the bobbin, so long as the latter is in motion. Thi» 
current circulatefi In an opposite direction to that in the coil: 
hence, it tends to opixwe the motion of the coil, and has llit* 
effect of preventing the needle from swinging too tar over the 
scale, thus bringing it quickly to rest at the proper point 
When an instrument possesses this quality it ia known as a 
dead-beat instrument. It ia a very important teaHire, and one 
that materiully increases the rapidity of taking measurements. 
The instrument has 
two scales. For currents 
up to 10 millianiperes 
the lower scale is to be 
used; terminals n, b will 
then be connected. For 
currents up to 500 miUi- 
amperes, the upper scale 
is to be need; in this coat 
terminals a, e will be 
connected. 

27. Other instrumente 
are based mostly on the 
action of a stationary' coil 
on a movable magnH 
needle. Fig. 22 shorn 

an instrument of this class in which the needle is vertical. 
For the nieasurenients of pressure or voltage, instrunienls 

very similar to those already described are used. The moving 

system is practically the same tor all directr current WesLoD 

ammeters and voltmeters. 
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SIMII-ARITT OF AMMETERS AND VOtTMETERS. 

28. Analogy From Hydi-auHcs.— The similarity exist- 
I ing between nmmders and roUvieten, nnd the poBsiliility of 
' fiubstituting one tor the other, is a circumstance that is very 
' difficult for beftinnere to understand. That an instrument 
, which serves to indicate current-strength in one position can 
I indicate current-pressure in another, aeenia to be an incongruity. 
' It is not that there is any intrinsic difference between the two 
I instruments; it is rather their different positions relative t« the 
' circuit to be tested that t 
' makes it possible tor 
I them to indicate amperes 
ne position and volts 
[ in another. An analogy 
L from hydraulics will per- 
kliaps help to clear this 
ft matter up. 

Let aa,a,a„ etc., Fig. 
[ 23, be a pipe of large 
I'diaraeter, through which 

a certain volume of water 
I is constantly flowing. If 

1 small paddle, or vane, 
I c be suspended some- 
I where in the tube, in the 

Ipath of the current, and ''"'■ ^ 

< forced to a zero position by means of a spiral spring a, the 

deflection of the vane will depend on the current-strength, and 

can be indicated by means of a [winter on a scale. By measur- 
I ing the number of gallons passing the vane e, by use of a water 
kcaeter, the former may easily be made to register the flow in 
■ gallons per second, and its function would correspond to that 
lof an ammeter when measuring the strength of an electric 
lifiarrent. 

9. We will now see how the same vane may be utilized for 
lodicatJng the pressure with which the water is propelled 
rough the part of the tube marked a^n,n^a^. Evidently this 
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prc'ssure is similar to the K M. F. of an electric circuit. The 
prrfssure at a^ must be lower than at a,, and the di£ference 
between these two pressures is the preasure required to force the 
water through the part of the circuit included between these 
two jK)ints. If we establish a current between the points a, and 
a^ by means of a tube 6, water will flow through the latter, for 
obvious reasons. Such a connection will correspond to what, 
in electric circuits, is called a short elreult. In other words, 
the water will have an opportunity of going either partly or 
wholly throu^'h the tube b, and will therefore affect the indica- 
tions of the vane c. 

To rjhviate this, the tul)e b is made so small in diameter that 
the current passing through it is insignificant in comparison 
with tlui main current, but large enough to operate the vane d 
plarrd in its path. The vane d will now move in the same 
manner as r, and for the same reasons; but there is this differ- 
f'UCA". while the latter vane is operated by the whole current, the 
former is aiTected only l>y part of it. The greater the difference 
in pressure between the points a^ and a^, the more water will 
flow through the tub«* h and the farther will the vane d be 
dellected. The rrlntion between these deflections and the 
excess of j»nssur«' at a, over that at a^ may be determined, and 
we then hav<* in the vane d an instrument similar to a 
voltmeter. If the ll()W of water past the vane c were stopped 
hy chasing a valve situated at <r, the vane (/ would still be able to 
register the difference in j)ressure between the points a, and a^, 
as a current would continue to flow through the tube 6 and 
thus dellect the vane d. 

30. It would seem reasonable to think that, if this vane d 
can indicate the difYerence of pressure between a^ and a^, it 
should also be able to indicate, hy means of a separate scale, 
the current-strength around the circuit a, a, a, and a^, because 
the latter is proportional to this difference of pressure. But 
it nuist be remembered that the required surplus pressure 
• at (ij will not only depend on the strength of the current, but 
also on the resistance of this part of the circuit. In fact, the 
tube may either be very long, with a small current, or short 
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with a heavy current; the instrument at d will make no dis- 
tinction between these two combinations. If the resistance of 
this circuit were constant, then the vane d might also indicate 
the current-strength, as the latter would be directly propor- 
tional to the pressure. 

31 . Ammeter and Voltmeter In an Electric Circuit. 

It will now be easier to understand the relation between a 
voltmeter and an ammeter in an electric circuit, and how one 
may replace the other. In Fig. 24 we have an electric circuit 
very similar in its general arrangement to the hydraulic circuit 
of Fig. 23. i? is a voltaic battery sending a current through the 
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Fiu 24. 

conductor a, a„ through an external resistance iJ, and then 
through the conductor a, a^ back to the battery. In the main 
circuit is inserted a milliam meter A in series, while, in the 
branch circuit 6 b, a voltmeter V is placed in parallel with 
the battery. Nearly the whole current is therefore passing 
through the milliammeter, and its strength is there indicated in 
milliamperes; only a small portion of the current passes through 
the voltmeter, and there its pressure is indicated in volts. 

32. By virtue of their position in the circuit, it is clear 
that in one respect they must differ widely from each other. 
Take^ for instance, the milliammeter, which is so situated that it 
receives most of the current. Evidently, it would materially 
lower the ef&ciency of the whole circuit if this instrument were 
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in possession of a high resistance, with the resultant loss a 
voltage. The resistance must therefore be made as low a 
possible; in fact, so low that if the instrument is in circuit fu 
days there would be no perceptible heating of its coils. Thi 
we also find to be the case with efficient meters; thus, fo 
instance, a 15-ampere Weston ammeter has an internal resist 
ance of .0022 ohm. When measuring a 10-ampere current, th 
drop (CX R) is .022 volt, and the watts expended ^CxE 
= .22, or about ^i^^^^ horsepower. 

33. With the voltmeter, the requirements are exactly th 
opposite; the resistance must be as high as possible, consisten 
with an efficient action of the instrument. If the resistance o 
the voltmeter were as low as that of the milliammeter, tb 
greater part of the current would pass around the battery tbrougl 
the conductors 6, b and would thus act as a short circuit. Thi 
resistance of a Weston voltmeter is about 19, 000 ohms. Measur 
ing 110 volts, the instrument would take ri^^^ = .005) 
ampere, nearly, with a consumption of energy of .638 watt 
nearly, or about y^^j^ horsepower. 

34. It may he suggested that the voltmeter in the positioi 
indicated in Fig. 24 should also be able to act as an amniete 
by using an additional scale, it being claimed that the current i 
proportional to the pressure in volts. But it must be remem 
bered that while the current-strength depends on the preseur 
it also depends on the resistance. For instance, let th 
resistance A*, Fig. 24, l)e 50 ohms and the current-strength 50 
millian)peres; then the recjuired voltage would be CxR = 
.r)(K) > 50 - 25 volts. The voltmeter would indicate thi 
pressure, but we see at unce that this E. M. F. would also b 
sullic'ient to send a current of 2 amperes through a resistance o 

'] 12.5 ohms, in fact, these two factors may vary between wid 

limits, so lonir as their prcxluet remains 25 volts. It is seen 
therefore, that, for a voltmeter to indicate amperes, it must b 
in circuit with a constant or known resistance. This principl 
is made use (»t in the Weston ammeter, which makes it unneces 
sary to let the wh(>le current ^o tlirouj^jh the movable coil. Th 
latter is connected in ])arallel with a short, thick piece of coppe 



ACCESSORY APPARATUS. 



31 



or some alloy (peen, Pig, 25) bo thnt only a small part of the 
current passes through the coil, and the resistance of the instru- 
ment ie extremely low. The ammeter is then more in the 
position ot a vollmelcr in parallel with a circuit of constant 



lures the loss of voltage in 
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resislance, and now in reality mi 
the piece of copper n, whore fi, 
and a, are the two ends of the 
circuit, C the moveahle coil, 
and S, S the conductors con- 
necting the coil in parallel with 
the main circuit. The loss of 
potential in a will now be in 
directproportiontothestrenRth '" ^ 

of the current through the strip n; and, as this loss determines 
the difference in potential between n, and n, on which the current 
through C depends, it is clearly seen thnt this current is directly 
jiroportional to the main current. Thus, while the coil C might 
operate as a voltmeter for the lixal conductor a, it will also 
serve aa an ammeter for the whole circuit ot Fig. 24, if properly 
calibrated. 



35. We then come to the conclusion that ammeters and 
I voltmeters are in reality both ammeters; that is, they are 

inetruments actuated by an electric current passing through 
a movable coil placed near a stationary magnet, or through a 
Stationary coil acting on a movable magnetic needle. In the 
ammeter proper, the strength nt this current depends on the 
E. M. F. and the resistance of the whole circuit of which 
the ammeter forms a part; it may also depend on a certain 
fixed portion of the total onrrent for its operation, when the 
fUnmeter constitutes part of a parallel circuit. 

36. In Ihe voltmeter, the strength ot (he actuating current 
hpends on the difference of potential l>etween the points to 

^icli it ia attached and the resistance of the local circuit formed 
f the voltmeter and its connectiona. We see, then, that the 
toltmcter ia similar to an ammeter when tliia ia provicbd with a 
sal retiatance, as shown in Fig. 2-'i. 
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37. An Ammeter Changred Into a Voltmeter. — An 

ammeter o! this class should therefore l>e capable of being 
transformiMl into a voltmeter by adding enough resistance to 
retain the original calibration, but reading volts instead of 
am]>cres. An example will illustrate this. 

A milliammeter has a resistance of 20 ohms. If the meter is 
to ser\'e as a voltmeter and the divisions in milliampers are to 
he read as volts, what external resistance must be added? 

It is supposed that the ammeter at present measures up to 
1 ampere. The resistance being 20 ohms, it requires an E. M. F. 
of CX R -~- 1 X 20 r.= 20 volts to bring the pointer to indicate 
1,000 niilliamperes. To be capable of registering 1,000 volts, 
the resistance must be increased to 1,000 ohms, as then, accord- 
ing to formula E= CxR, 1,000 volts = 1 ampere X 1,000 
ohms. The reijuired addition to the present resistance is there- 
fore 1,(K)0 -20 - 980 ohms. 

If the instrument shall read to 100 volts only, then, placing 

E 100 

K 1(H) volts, we have R = - = -rp == 100 ohms, and the 

needed nddition will be 100 — 20 = 80 ohms. In this instance 

«*vrry 10 divisions of niilliamperes will represent 1 volt. 

♦*>S. DlfTiMvuco lU*t >voen Ammeters and Voltmeters. 

iM'fore Irnvinji tlu' sulgort of junmeters and voltmeters, there is 

yet ouo ])()int to mention, which is not always understood. 

W hv is it, for instiinr(\ that an ammeter can be short-circuited 

with imj)unity, but cannot )>e removed from the circuit, while a 

voltmeter must n<>t uiidrr any circumstances be short-circuited, 

Imt may he disconnected? I^t the diagram in Fig. 26 show a 

voltaic hatttry combined with an electric bath. The resistance 

of the (Mnniit is 90 ohms, the* E. M. F. 30 volts, and therefore 

/.; 3Q 
the current (' \ on -^^'^ amj)ere. B is the volUiic 

hattcTy, a, the (Conductor sending the current to the bath C, and 
f/j the return circuit. The milliammeter A is placed in series with 
the conductor (7p and the voltmeter Tin parallel with the bath 
i)V means of the conductor h h. It is now seen that the whole 
current passes through the milliammeter A before it reaches the 
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bath, and that by disconnecting this instrument the circuit 
will be broken and the current stop its flow. If, on the 
other hand, the milliammeter be short-circuited by means of the 
additional conductor a, it will have no influence on the circuit 
as a whole, the resistance of the instrument already being so 
low as to be left out of consideration, but will rather have the 
efifect of removing the instrument from the circuit. 



39. With the voltmeter, we find the opposite to be the casa 
Here a removal of the voltmeter would leave the rest of the 
circuit unaltered, and the current would continue to flow 
through the bath; but let the voltmeter be short-circuited by 
means of the conductor b^, then the conductor b would no 
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longer be limited in its conductivity by means of the high 
resistance of the voltmeter, and would tend to carry the whole 
current of the battery. It would, therefore, short-circuit the 
bath and consequently also the battery, and would very likely 
injure the latter; otherwise, the damage might be little. When 
it comes to circuits with higher voltage and amperage; as, for 
instance, in a lighting circuit, the consequences would be more 
serious. 

In Fig. 27 we have, for instance, the conductors a, and a, 
leading to a combination of incandescent lainps L in a house. 
The lamps are all placed in parallel and the ammeter A inserted 
in the conductor a„ while the voltmeter \\ by means of wires b, b 
is connected with both conductors, and therefore is in parallel 
with the lamps. If, now, the ammeter be again short-circuited 
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by the wire o^, it will have no effect on the circuit, but will 
simply throw the ammeter out of action; whereas removing the 
ammeter altogether, before being short-circuited, would, of 
counse, break the circuit and extinguish all the lamps. 

A short-circuit of the voltmeter by means of the wire 6^ would 
not only affect the lamps in this house but in the whole neigh- 
kirhood. It would send a very strong current across the con- 
ductors b, Zip 6, and either melt these wires or the dafety-fuse 
which may be situated there. A fuse consists of a strip of 
metal through which an ordinary current will pass unimpeded, 
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but which will heat and melt if the strength of the current goes 
beyond corlain determined limits; it will, therefore, break the 
circuit and prevent any serious damage to the rest of the 
apparatus. Disconnet^.ting one of the wires leading to the volt- 
met(»r, wliile in circuit, will liave no other effect than simply 
removing the instrument from the circuit. 



INFLUENCE OF RESISTAXC'K ON E. M. F. AND CURRENT. 

40. After the functions of the voltmeter, aumieter, and 
rheostat have been studied separately, it renjains to be seen 
how these instruments work in conjunction with one another. 
The effect that the rheostat has on the various parts of a circuit 
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is a Bubjoct that is not dearly undoretood by begiiiiiere, and 
therefore requires some explanation, particularly as the rheostat 
plays Biich an important part in electrotherapeutics. The ques- 
tion to be answered is; Does the rheostat affect the current- 
Btrength only, or does it also affect the presBure at the battery 
terminals? 

If this question were to be answered off-hand, it would seem, 
as a matter of course, that any resistance the rheostat might 
insert in the circuit would merely increase the total resistance 
of the latter, and therefore diminish the current- strength A 
closer study of the condition will show that this answer is not 
quite correct, but that an increase of the resistance does in fact 
increase the available £. M F. at the battery terminals. Of 
couiBe, this does not mean that it increases the total E. M. F. 
generated by the battery; on the contrary, this E. M. F. 
remains practically constant, bo long as we deal with voltaic 
batteries and not with dynamoa or other generators. 

41. Some practical examples, illustrated by means of 
Figs. 28, 29, 30. 31, and 32 will make the reasons for this per- 
fectly clear. 

Let the battery B, Fig. 28, coneiet of 10 cells, each of an 
E. M. F. of 1.2 volts and an internal resistance of .5 ohm. The 




I total E. M. F. of all the cells in Beries will therefore be 10 X 1-2 
I =^ 12 volts, and the total internal resistance 10 X -5 — 5 ohms. 
In the same figure, li is an external resislance of 5 ohms, 
I sod Rh. a rheostat, which, by means of the conductors u, and 
to,, connects, respectively, with the battery and the resistance R', 
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tku> conductor d, ivtums the current from the latter to the 
luitttrv. A voltmeter and a milliammeter complete the 
amiiiiremeni. 

It i> tiie pur|K>eie. by means of this combination, to send a 
currvi.t fr^^'iii ihr battery B through the external resistance Rj 
\%hivK laiitr may, for instance, be the resistance existing 
ir. a oaiitt-ry 1«h»|i applied to the human body for some 
1»H a! irtatiiifiit The number of amperes that will flow through 
I '.is I xteri.a! resistance is to be controlled by means of the 
r"!.o»>ta:. 

lli. Whvn no resistance is inserted by the rheostat, and the 
oi/.y rt>:>t;i:.ots in circuit are those of the battery and the cau- 
ttiv \\:k v. 'iuliiion> will In? those represented in Fig. 29. Here 
\\t : lui :l;i \vhi»lf cirv nil of Fig. 28 extended along a horizontal 
\\:.i . ■ . ii {•rt^rntinii zero {K>tential, and the parts marked ofl in 
::.< >.i:i.c v>i\lor a> i:i tlie farmer figure. It is supposed that the 
J- -iM 'i c«nnivi> viiftvily with the }K>int a, and that the various 
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(livisii>ns niarkrd with tlie letters <f,, Rh., d,, etc. corresj)ond to 
tile parts marked with similar Utters in Fig. 28. It is also 
siipposrd that the conductors a,, </,, and (/, are of such ample 
cn»>.s->citional areas that the ilrop of potential taking place in 
them mav he left out of consideration. 

Keginning, then, with Fig. 29, we fmd, as the oidy resistances 
in circuit are the 5 oluns of the hattery and the 5 ohms 
external resistance, that the strength of the current will be 
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G = =- = F- — ^ = 1.2 amperes. At the left end of the 

figure the line » b indicates a rise of potential of 12 volts, which 
would take place if tlie battery were devoid of inlernnl resist- 
ance. But a current of 1.2 amperes having to pass through its 
resistance of 5 ohms, the current Buffers a loss in potential of 
CXii^Sx 1.2 = 6 volts. The potential difference at the 
terminals of the battery will therefore be 12 — 6 ^: G volts 
only, as represented by the line a c, and this is Ihe pressure that 
will have to carry the current through the rest of the circuit. 
No resistance being inserted by the rheostat, and the resistances 
of the conductors a^ and a, being left out of consideration, the 
potential of tbe current will remain unaltered while passing 
through them, and the lines e<(, de, and e/, representing the 
potential of theae parts, will be lines parallel with the zero-line 
ah. At / the current enters the external resistance R of 
6 ohms, and here suffers a loaa of pressure amounting to 
CXii=l. 2X5 = 6 volts. This means that the whole avail- 
able pressure of the battery has been consumed in the resist- 
ance R, and that the current now, through the conductor a,, 
again enters the battery at zero potential. 

43. It was shown in Direct Ourrents that a battery gives a 
maximum power to an external circuit, when the resistance of 
said circuit is the same as that of the battery. As this cor- 
responds with the conditions found in Fig. 29, we shall ex|)ect 
to here find a maximum power spent in the resistance R. The 
power expended on the various parts of the circuit is found hy 
multiplying the loss of potential that the current suffers in 
passing through them by the strength of the current in amperes. 
The total power developed by the hattery is £ X C = 12 X 1.2 = 
14.4 watts. That part of the total power which is spent iu the 
battery itself, we find by multiplying tlie drop of potential in 
it by the current, or 6 X 1.2 — 7.2 watts. The external resist- 
ance R being eijual to that of the battery, tlie drop will be the 
same, and therefore, also, the power consumed. We see, then, 
iliat, of the total power of 14.4 watts, 7.2 watts have been 
spent, respectively, in the battery and in the external circuit. 
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If the battery had been short-circuited, the total pi 
developed would have been greater, but of oourae none i 
would have been available outride of the battery. The cni 
C that would circulate through the latter, in this insta 

E 12 
would have a strength of ^ = -7- = 2.4 amperes, and tl 

fore a power of £ X C = 12 X 2.4 = 28.8 watte. 

44. In Fig. 30 the conditions are alt^ed, for, by meai 
the rheostat, a resistance of 5 ohms has been inserted, mal 




-jO*«M. 

Pio. 90. 

a total of6 + 5 + 5=15 ohms. The current-strength 

F 12 
now be ^ -- .^ = .8 ami>ere, which is 33 per cent, less t 

that of the circuit shown in Fig. 29. 

The strongtli of the current liaving decreased, it follows : 
conse(juencc that the loss of potential in the various part 
the circuit must also decrease, as these losses are product 
current and resistance. 

When we now calculate the loss of potential in the batt 
it is found to l»c C X /^ -r^ .8 X 5 = 4 volts, or 2 volts 
than in Fig. 29; conseciuently the available E. M. F. at 
terminals of the battery, or 12-4—8 volts, must be la 
than that previously at our disposal. Following the distri 
lion of these 8 volts over the remainder of the circuit, we f 
as before, that the current, while flowing through the condu 
rrf, suffers no loss of potential, but that, on passing thro 
the 5 ohms resistance of the rheostat, the pressure at once I 
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from S to 4 volte, which pressure remains throughout the 
conductor e/; after leaving the latter the current again Buffers a 
loss of 4 volts, caused by the 5 ohms resistance of the external 
resistance R. 

Comparing the two examples, illustrated by means of 
Figs. 29 and 30, it is seen that the insertion of the rheostat 
reflistance of 5 uhms has the effect of raising the available 
E. M. F. at the battery terminals from 6 to 8 volts, but that 
nolwithsUinding this increase the current-strength decreased 
from 1. 2 amperes to .8 ampere. If the resistance and E, M. F. 
had increased in the same proportion, the currentrstrength 
would have remained the same; in this instance the exterior 
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resistance is increased by 100 per cent, and the terminal 
E. M. F, by 33 per cent, only; the latter, therefore, did not keep 
step with the former, with the result that the current decreased. 
Had the terminal E. M. F. remained the same as before, the 
current would have been .6 ampere only; but, being increased 
by 33 per cent., the amperage rose from .6 to .8 ampere. 

We come, then, to the conclusion that increasing the resist- 
ance in the external circuit of a battery does not decrease the 
current in the same proportion, because the available E. M. F. 
increases simultaneously, though not in the same ratio. 

43. In Fig. 31, the resistance of the rheostat is increased to 

10 ohms and the current has now decreaseil lo /> -- on ^^ -^ 
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am^ienr. whil*: :r.<r ^ir^i. «.•! t«xe&tiAl in the: baUenr is 3 volts 
<HJiiv. ar*'i ih«irr»rf -fr rhe iv^iabit: E.M. F. = 12 — 8 = 9 volts. 

Hie oih^r i /wes in ih^r circnit can casilv be seen bj the data 
given ir* ihe nzure. 

4G. Ai^ a nr^al example of the influence exerted bj the 
rheoatat. v^e wil. o>ns:der the circuit illustrated bv means of 
Fig. 32 Here the rhe^:*stat has increased its resistance to 
ti>) onn.s. making a t«>tal re^^i^tance for thtr whole circuit of 

E 12 

40 ohms. The currei-t hai now fallen to b = ^n ^^ -^ 

amj/ere. At the sau.e tii^.e the luc« of potential stiffered in 
the battery has decreased tu 1 5 volte, which leaves an available 
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pn-.-5f-ijr<' at the ttTininiil.- of 12 1.5-10.5 volts. In the 
rlnohtat tli«- lo.-H is now !j v(jlt.-, whilr in tlie permanent resist- 
ance; /; it i- 1.5 voll« only. Tlii.-^ hi.^t example brings out more 
clearly another feature, that an in<-rcase of the resistance in the 
eir< iiit external to the hattery will hrin^ the available pressure 
at the terminals nearer the total K. M. F. of the battery, and 
at the same time the current will decrease in strength. Finally, 
th(t resistance will i»e so ;,n"eat that the current ])ractically stops 
altoj/ether; tlx' eircuit is tlj<'n in th«' same condition as when 
ojien, and the pressures at the hattc^ry terminals will be identical 
with th.- total K. M. K. 

'17. l>ata relating to the j)ower spent in the external circuit 
are given in each figure. It is at once seen that the power has 
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reached its maxiBium value when the conditioiis are as shown 
by Fig. 29; that is, when the external resistance is oiiial to that 
of the battery. An increase or decrease of the resistance in the 
external circuit will have the same result — that of de<!reaaing 
the available power. Simultaneoualy with the decrease of the 
current the number of watts spent outside of the battery will 
also decrease until, in Fig. 32, the power spent has the value of 
3.16 watts only. 

48. The condition that must prevail if maximum power is 
to be given an external circuit may also be expreefled in another 
way, by saying that, if a voltmeter, connected with a battery as 
in Fig, 28, indicates a pressure of one-half of the total E. M. F. 
of the battery, maximum work ia (wing done in the external 
circuit. This of course does not mean that the resistance, out- 
side of the battery, may be increased l>y means of a. rheostat 
until the desired value of the terminal pressure is reached. It 
is true that in this case also maximum power is given to the 
circuit, but the resistance E receives only a small traction of it, 
the greater part being uselessly wiistetl In the rheostat, where 
the electrical energy is changed into me<'hanical energy in the 
form of heat. It is therefore clear that, if a device external to 
the battery is to receive a maximum [lower from the battery, 
this device itself must constitute the external resistance. 



CITHRENT-9ELECTOIW ANll POLE-CHAXGEItS. 

49. Advantagres of Current -Selectors and Pole- 
Changers. — There remains to mention a Uttle device that is 
♦ery useful to the physician when applying the electric current, 
snd that is the donble switch shown in Figs. 33 and 34. In 

» construction it is identically the same in both illustrations, but 
Hb connections with the circuit are dillerent and the results ob- 
tained are, theref^ire, also dilferent. When the operator usee 
H) apparatus called a nmtchfioiiTti, which is described further on, 
he has often the choice of two different kinds of current, such 
■8 the galvanic and the faradic. It is then of advantage to 
^Hbave the switchboard so arranged that either of these current 
^^vmrieties can be sent through the main l)inding- poets without 
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having to make any change in the connections. This is 
accomplished by means of the current-selector. At other 
times it njay l>e of advantage to change the polarity of the elec- 
trodes without having to disconnect them. Arranged for this 
purpose, the double switch performs the function of a pole- 
changrer. Ordinarily these are used in combination, so that 
it is possible not alone to choose the current variety with which 
the electrodes are to be supplied, but also to change their 
polarity. 

50. Current-Selectors. — A device of this kind is repre- 
sented by the diagram Fig. 33. 5 is a voltaic battery that, 




Fic.. 33 



through the two coiKlnctors />,, h^^ is connected to the buttons 
a,, (f,. / is a faradic coil lliat connects witli the buttons c„ r, 
by means of condudors /.-,, l'.^. The levers /,, A^, compelled to 
move in unison i)y the cross-|)iec(^ //? (wliich is made of insu- 
lating material), may connect either with a,, a, or r, c„ respect- 
ively. Tliey swing aroimd the ])osts n and o and may be 
moved by nutans of the handle //. The main l)inding-posts J5^p 
E^ connect with the levers through the conductors r,, (\. In the 
position that the levers at present occupy, a current is sent 
from the battery B to the posts 1\^ 1\, and the faradic coil / is 
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cut out. On moving the levers into a position so as to connect 
with buttons c,, r„ the faradic coil is included and the battery 
B exclude<l from the circuit and a faradic current will pass 
through the same posts ^^ E^. 

51. Pole-Changrers. — When the double switch is used 
as a pole-changer, its connections are those shown in Fig. 34. 
Here the positive wire b^ of the battery B is connected both to 
buttons a,, f/„ thus making both positive. Similarly, the nega- 
tive conductor c^ is connected with buttons r/j, a„ making both 




Fig. 34. 



negative. Otherwise the connections are the same as in 
Fig. 33. When making contact with the buttons a,, a, as 
shown, electrode ^j will be positive and E^ negative. On 
pushing the levers to the right, the polarity of the electrodes 
will be reversed and E^ will now be negative and E^ positive. 



swirnrBOARDS. 

52* Function of 8\vItcliboarcls. — Under the term 
Switchboards is ordinarily understood a board having a collec- 
tion of switches for making or l)reaking various circuits. It 
should also include means for ascertaining the am])erage and 
voltage of the current that may How in the circuit. In elec- 
trotherapeutics, a switchboard means the same with this addi- 
tion, that it may also include means for producing one of the 
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current vririoties, such as a faradic coil, with the nocesssry 
cells or a collection of voltaic cells for producing the direct 
current. 

5fJ. A Typical S\^ltcht>oard. — It would complicate 
matters too much to go into a detailed description of any of 




tho suit ell hoards, tlicrcforc wo must limit oiirsclvos to a general 
(loscrij)tion of same. Tlio diapjram. Fig. oo, will serve this 
})urpost\ It rej>resonts a switclihoard that will control and 
register the current delivered from a direct-current lighting 
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circuit. r„ 7", are the binding- poets that connect the hoard 
with the general circuit of 110 volte. The current passes 
directly from one post to the other through the cut-out switch 
5 and incandescent lamp L. ArrangL-J in shunt with the latter 
is the rheostat R of ahout 10,000 ohms resistance. The current 
flowing between the posts T",, T, will, therefore, divide itaelf 
between these two parallel circuits, the greater part flowing 
through the lamp L of about 220 ohms resistance and the 
smaller part flowing through the rheostat. From the latter, 
tile current flows along the lever / to the ammeter A and from 
here through the conductor 6, to the pole-changer c, which is 
arranged in the eame manner as shown in Fig. 34 with regard 
to the binding-postB E„ £,. After flowing through the electrode 
fl„ patient i', and electrode c„ the current again returns through 
the pole-changer, to the rheostat and other binding-post 3",, to 
the external circuit. 

The conductors y,, g, connect the voltmeter V across the con- 
ductors 6„ c^ and will therefore indicate the electric pressure to 
which the patient's circuit is subjected. 

For simplicity'fl sake we have in this instance supjwBed that 
the current was supplied from a lighting circuit. The supply 
may also come from a battery of vtiitaic ceils, in which case a 
cell-selector and rheostat may he inserted in the circuit, or 
Edoiply a rheostat. In either case the lump L would be omitted. 



54. Switchboard for Galvanic and Faradio Cur- 

I'vents,— As an example of an efficient switchboard by meana 

\<i which either the galvanic or faradic current may he supplied, 

) give that illustrated in Fig 36. It is made in the shape of 

L « box, to enable the operator to carry it around from one part 

of the building to another, as may be necessary in a hospital, 

and also makes it possible to lock it and thus prevent its being 

handled by any one that is not familiar with its construction. 

Hie front is a panel of polished slate, to which all the various 

devioeB are directly fastened. Behind this, and firmly sup- 

^^_ ported by it, is the faradic coil; likewise the dry cells for sup- 

^^Mulying the current for its primary coil. There are also four 

^^^Eeaistance-coils that act as vult selectors in the same manner as 
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the lamps shown in Fig. 15, when the direct current from & 
coQimcn-ial lif^liting circuit is used. Everything not absolutely 
necessary Tur t)ie selection and variation of the current is put 
out of tlie way, which makes it possible for the operator to 
handle the board with the least amount of confusion. 




5.7. [tuimrlaiice ()r a (iixKl M<'Ilt. — In using llie gal- 
viuiic LUiTLiil. I'vurytliiiig iuiiUth iiruuiid tlie niilliammeter. 
Tl]f lijlttT r^liuuld lie aliove Biispicioii, as regjinis its correct 
iiidicutiun nl lliu current- strength, and should not be liable to 
change or dc-tcriurute in such a manner iis to affect its future 
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indications. In many delicate operations the current doBiige 
may be only a few inillianiperea, and it is here important that 
the readings ot the meter should be absolutely reliable. It 
should also preferably be dead-beat, in order that sudden varia- 
tions may be made in the current- strength without causing the 
pointer to fly violently all over the scale with the possibility ot 
striking the stops at the end of the scale and thus cause an 
injury to the meter. 

56. Method of Applyinft the Direct Current. — When 

it is desired to use tlie direct current from the commercial 
lighting circuit, then conductors connected with the latter are 
attached to the two binding- posts P, N—P being positive and N 
negative. The switch B serves the purpose of making or 
breaking the connection between the lighting circuit and the 
various circuits of the board. In the position indicated, the 
current is cut off. The binding pofts E^, E, receive the conducts 
ing cords of the electrodes with which the patient is to l>e 
beated. D is the current-selector that roust he moved to the 
left in order to connect the posts E^, E, with the galvanic circuit. 

The board is intended to be used with a 110- volt circuit. As 
this voltage is inconveniently large to use directly, the current 
!b sent through four resistance-coils connected in series. Three 
of these coils are connected with the buttons c„ c„ c, of the volt 
■elector C. Tbis makes it possible to supply an electric pressure 
io the binding-posts E„ E„ of either 30, 60, or 90 volts. The 
fourth coil remains always in series with the patient. Whatever 
pressure is selected, the pressure at the posts £,, E, may be 
reduced to zero by pushing the sliding contact ?-, of rheostat H, 
down to the lower end of the same. The desired current- 
atrengtb may then he obtained by raising r, until the meter A 
rs the desired number of niiUianiperes. 

The pole-changer /' will give the operator the desired polarity 
at the posts E„ E,. 

57. Method of Applylni^r the Farad Ic Current. 

When the taradic coil ia t<i he inserted in the patient's circuit, 
the currentrselector D is moved to the right. The current is 
supplied by the dry cells back of the board, as soon as the 
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switch G ifi moved from its contact with the central button g^ 
either to the left or right. If pushed to the right^ the rapid 
interrupter /, is set in action; if to the left, the slow inter- 
rupter /,. The switch S determine^ the active length of the 
secondary coil, as the buttons «i, «„ «, connect respectively with 
the divisions containing 300, 800, and 1,500 yards of wire. The 
rheostat T^ with con tact- spring f, regulates the current from the 
cells through the primary faradic coil, and the rheostat R^ with 
, contact r, that of its secondary circuit, while the pole-changer 
F^ also in this circuit, may eflfcxit a change of iK)larity of the 
posts /?„ fJ",. Both rheostats /?p i?, are in shunt with their 
respective circuits. 

ELECTRODES. 

58. Function of Klectrodes. — When electricity is ther- 
apeutically applied, the aim is to send an electric current 
through a given part of the human body. When thus applied 
the latter constitutes necessarily one part of an electric circuit 
while the current source constitutes the other part. So far, we 
have considered solely tliat part which contains the source with 
the necessary means for regulation and registration; the other 
})art, the human body, will he considered elsewhere. There is 
yet a third cU'iiicnt to he considered, the junction between these 
two })arts. Evidently there are no means for making that 
intimate electric^ connection Ix^tween them as in other parts of 
the circuit, and some means must he found to make a tempo- 
rary connection that will, in tin; main, fullil the requirement of 
j>roviding a free path for the current from one part of the circuit 
to tlie other. As the ixxly itself does not ofTer a metallic sur- 
face with which to connect, a substitute is found in some fluids 
of fairly high conductivity. This fluid is inter})osed and con- 
fined between th(i metallic terminals of the electric source and 
the tissues of the human body. ]>eing a iluid, it will more or 
less penetrate the external layer of the various tissues and thus 
provide a more intimate contact and ext(Mided surface area. 
\Vh(;re the tissues tlnunselves j)rovi(h; the fluid, sucli as mucous 
membran(^s, a simple metallic contact surface is usually suf- 
ficient. Devices that serve this purpose of acting as an 
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intermediary between &a electric source and the human body 
in supplying the iiecesBary contact-surfaces and possessing the 
required conductive propertiea are called electrodes. 

Ordinarily tlie receptacle for the intervening liquid is a piece 
of sponge, a pad of gauze, cotton, felt, or perhaps clay or 
gelatine. Or it may, in the case of the hydro-electric bath, he 
contained in a full-sized bath-tub, or smaller tubs, when it is a 
question of simply treating part of the body. 

59. ClasslUcatlon or Electrodes. — It is not the inten- 
tion, at this place, to go into a detailed description of the 
numerous electrodes uaed in electrotherapeutics. They will 
suffer numerous variations in form to best aJapt them for the 
immediate purpose in view, and these variations will be described 
under the special treatmenta considered in other parts of this 
course. The present aim ie rather to call attention to the main 
requirements of a good electrode and the reaaons for its deterior- 
ation or inefficient (unction. 

Electrodes used for applying the current from static machines 
will not be considered here, because the electric pressure avail- 
able in those cases is so high that in most cases no Immediate 
contact between electrode and patient is required. It is here 
moHlly a question of applying the galvanic, faradic, and sinu- 
soidal currents. The electrodes utilized for this purpose may 
divided in two main claeaes: (1) those having a metal 
terminal that supplies the current directly to the tisBUes, and 
(2) those that have a fluid as an intermediary. These two 
classes are otherwise known as bare and covtred electrodes. 

1. MeUd EkclTodes. — The main requirement regarding these 
electrodes is that tbey shall not be acted on chemically by the 
Solutions that are electrolytically separated from the tissues 
irhile traversed by an electric current. Small electrodes, such 
as ore used in the ears and similar places, are generally gold- 
pl&ted, while larger electrodes have a coating of nickel. When 
required that the electr<)de shall cover a very extended 
sheets or strips of tin are used. 

electrodes consist of a metal rod, which at one end 
lates in that part that is to be brought in contact with the 
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body and at the other end is provided with a binding-post to 
receive the conducting-cords from the battery. The metal rod 
is covered with some insulating material such as wood or hard 
rubber to prevent communication between it and the operators 
hand. 

It has already been remarked that the positive electrode is of 
acid reaction and the negative of alkaline. As metals, such as 
brass and copper, are affected by acids, the active electrode 
should always be made negative, unless special reasons require 
that it be made positive. Being negative, it will, notwith- 
standing the greater current-density through it, be little affected 
by any chemical action; while on the other hand, the positive 
indifferent electrode is of so much larger area that the acid 
effects are little noticeable. 

2. Covered Eleetrodes. — These are of many varieties. They 
consist mostly of a metallic frame, or skeleton, that acts as 
a suj)i)ort for some fibrous material with which it is covered. 
This covering serves as the receptacle, or retainer, for the fluid 
which fills the function of an intermediary between the metallic 
framework and the tissues of the body. The metal mostly 
used for suj^jxjrt is perforated brass. As it oxidizes rather 
freely, it is difTicult to keep its surface in as good condition as 
it should be, and perforated aluminum sheets of about No. 24 
B. and 8. gage would therefore be greatly preferable, as less 
liable to oxidation, mucli ligliter, and of a more bright and 
cleanly appearance. It should be remembered that the prime 
function of this metal skeleton is not that of supporting the 
surrounding pad, but that of evenly distributing the electric cur- 
rent to the same. For this reason, it is of paramount impor- 
tance that this metal plate has a good conducting surface, free 
from any metallic oxids or otlier impurities, which will impair 
its conducting pro])erties. In some eases, the resistance that 
these oxids interpose in the circuit may be so great as to stop 
the current altogether. Carbon is also used as the conducting 
support, either in the form of a small ball that is surrounded 
by a wad of cotton or in tlie shape of disks or plates. As carbon 
does not oxidize, it has, in this respect, advantages over the 
metal plates. 
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60. Distinction is also made between an active and indiffer- 
ent, or di^ersing, electrode. An active electrode is the one 
that is applied to that part of the body where the effect of the 
electric current is desired. 

The Indifferent electrode serves simply the purpose of 
completing the electric circuit, and derives its name from the 
fact that it ordinarily is indifferent where it is placed. It is 
usually of an area much larger than the active electrode, 
because it is desirable to disperse its action as much as possible 
and thereby prevent any effects on places where it is not 
desirable. 

61 • We have already mentioned that an electrolytic action 
is carried on by the electrodes. The products resulting from 
this decomposition has often a very deleterious effect on that 
part of the skin that is covered by the electrodes and may leave 
eschars that are difficult to heal. For this reason it is some- 
times advisable to use iion-polarizable electrodes. These contain 
mostly a small chamber filled with a solution of sulfate of zinc. 
Between the interior of this chamber and the tissues to be acted 
on, is a cover of some porous material that allows intercommu- 
nication between them. The electrolytic products will therefore 
not remain near the skin, but will pass through the cover into 
the chamber and thereby be prevented from producing any harm- 
ful action on the tissues. 

Regarding the antiseptic treatment to be given the covering 
of electrodes, full information will be found in subseijuent sec- 
tions. To maintain their electrical function at maximum 
efficiency, the metallic surfaces that adjoin the covering should 
be frequently rubbed with sapolio or bon ami, and in extreme 
cases with fine emery paper — in order to remove any oxids that 
may have accumulated on them. 



COXDUCTING-CORDS. 

62. Conducting-Cords connect the eU'ctrodes with the 
switchboard or any other current source. To insure a certain 
mobility to the electrodes, the conduct! ng-con Is are made of fine 
strands of copper wire that are covered with silk or cotton. The 
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cords should have cord-tips at either end to facilitate their easy 
insertion )K)th in the binding-posts of the switchboard and the 
elt'ctn)de8, A universal cord-tip is shown in Fig. 37, where the 
up)H'r figure shows the tip and cord assembled, while the lower 
figure illustrates how the tip may be taken apart in order to 
insert a new cord in the same. When cords are subjected to 
sharp bends, they may, in time, break without showing any 
exterior ^igns of such. Sometimes the cause of the irregular 





Univertal Cord-Tipi. 
Fio. 87. 

aetinii (if tlu; current from a faradic coil are looked for in vain, 
until tiiuillv llie fault is found in one of the cords. 

Tlir eord-tips are supposed to l)e of such dimensions that 
tlicv ^vill lit any l)in(ling-j)osts. Though such conditions are 
Linaily to l»r ^ioirrcl, tliry are not yet, by any means, attained, 
ami tlu- praclilioncr ^^ometinu'S finds himself in possession of 
appMiatu^ that will not recrive his eord-tips until some subse- 
(|iirnt tinkrrin^'s liavr bet'U performed. 



Tin: IIVDHO-KLIXTRIC BATH. 

(>;j. C'haraeU'rlstics of the llydro-Electrie Bath. 

Whrn it is a «iiU"stion of giving the i'lec;tric current an oppor- 
tunity t«> act ovir extended areas of the human body, the 
hy<lro-i'UH*t rii' batli is utilized either for the whole body or 
part of same, 'i'he hath may then, in one respect, be said 
to perform the function of an enlarged electrode; but in some 
other respects it diiTers. This is because the body is immersed 
and is surrounded by water from all sides. When an ordinary 
covered electrode is aj)plied, the whole current must go through 
it, and it alone, before it can pass into the body, as the electrode 
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is the only path by which the current can enter. By letting a 
certain quantity of water completely surround the body, ihe 
water itself will offer a by-path for the current. The adjacent 
layers of water may be said to be in shunt with the body, and 
as such will be subject to laws of an ordinary shunt. That is, 
it will conduct a part of the current, the strength of which will 
depend on the resistance of the shunt relative to that of the 
main conductor — the body. If the fluid is of a relatively high 
conductivity and the body of a lower one, it is obvious that 
most of the current will pass outside of the body and the 
desired results will not be obtained. It is possible though, by 
means of the electrodes through which the current is sent into 
the bath, to more or less counteract this dispersing eflfect of the 
water and to localize the action of the current on those places 
where it is desirable that it should act. 



C;ONSTRUCTIOX OF TITE BATH. 

64. Material of Bath-Tub. — It is important that the tub 
should not be a conductor of electricity, otherwise the whole 
current will circulate around the water without entering it. 
p]ven a metal bath-tub covered with an insulating coating is to 
be avoided, as sooner or later some parts of the coating will 
wear or break off, and then the current will be able to make a 
short circuit through the metal wall. Oak or porcelain are the 
most suitable materials for its manufacture, the latter being the 
more cleanly of the two. 

65. Importance of Insulation. — Insulation is an impor- 
tant point that needs careful attention — particularly if the cur- 
rent from the lighting circuits is to be utilized. In the latter 
case the water in the tub must not be directly connected 
with the waste- or water-pipe, as either of these communicates 
with the ground; the current would, in case of a short circuit 
on the main line bo able to pass up through these pipes and 
subject the patient to a very strong current. Then 'fore the 
necessity of having the tub entirely disconnected both from the 
waste-pii>e and from the water-supply pipes. 
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GO. Insiilntlon of the Bath-Tnb.— Fig. 38 gives the 
general arraiinonu'nt ot a tub that is entirely separatoil from 
any ground connection; it is in sectional elevation and tepre- 
eeiitii a tub made of oak partly filled with water. A is the tub 
iteiilf, and B a Imck reet to prevent a direct contact with the 
anode u, which is here the head, or cemcal, electrode; the 
cathtHic, i}T foot, electrode b is unprotected. The diraensions of 
the lioad-cloctrode may be 11 X 12 inches, and of the foot- 
electrode about 9 X 14 inches. The stopper is marked d and is 
inserted in ihe upper part of theshort outlet tube e; consequently, 
there i.s no direct connection with the sewer-pipe g. The pipe e 
con<lnots the water into a shallow baain/, from wljich it flows 




iiit" tlic |U]M> >i. Around the -■'upply pipe h is built some kind 
of a guiir.l )', to prevent ii direct contact with tlie tube h on the 
piirl iif tlie jiatient; nlberwise, lie niiglil, under cerUiin condi- 
tions, be expo.'^c.l to a whorl circuit. To f;ive room and access 
U) tlie liasin/aiul also lo give free eircnlation of air under the 
tub, tlm latter is sujiporteil l>y k^s r, c. 

When the curn^nt Im sujiplicd to the bath fn»m a local current 
Houi-cc, as for instance, an indcpcmlent <lynamo, a voltaic bat- 
tery, a faradic coil, a sinusoidal apparatus, or a transformer, 
tlieu these precautions are unnccessiiry and an ordinary enam- 
elled or porcelain liatii-tub provided with the customary 
plumbing coiuieelions, may be utilized. 
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MONOPOLAR AND BIPOLAR BATHS. 

67. Bipolar Bath.. — A bath may be monopolar j bipolar, 
or multipolar. So far, the baths considered have been of the 
bipolar order, and to this class the multipolar baths may also 
be said to belong, as a multiplication of poles simply means a 
subdividing of the anode and cathode. 

68. Monopolar Batli. — By monopolar bath is not 

meant a bath with one active pole only, but rather a bath that 
contains only one electrode submerged in the water while the 
other is exterior to same. The bath- water is therefore of one 
polarity, either positive or negative, and may be considered as 
an electrode that completely envelops the body and thus pro- 
vides a very large surface contact. 

69. Difference Between Monopolar and Bipolar 
Baths. — There is quite a difference between a monopolar and 
a bipolar bath. A current is passing through the latter, of 
which the body receives a certain portion, depending on its 
position and size, some parts receiving more than others; how 
much, as has been shown, it is not always easy to tell. 

In the monopolar bath, the conditions are entirely changed. 
Here the exterior electrode, for instance, the anode, is placed in 
contact with the body at any desirable point, and at this point 
the current is compelled to enter — here only, and what is more, 
the whole current. There is, then, no longer any uncertamty of 
where the current acts and in what strength. In leaving the 
body again, the current is diffused over a very large area; in 
fact, over the whole submerged part of the body. 

The monopolar bath may therefore localize the action of the 
current to one particular spot, if desirable, while the bipolar 
bath gives a general distribution of electricity througli the whole 
body. The exterior pole, in a monopolar bath, may consist of a 
metal rod, covered with wash-leather and placed across the widest 
part of the bath. This rod is connected, by a well-insulated 
wire, to one of the terminals of the electric source; when the 
patient grasps the rod in his hands, the current passes through 
his arms and trunk to the water. 
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70. Paddle Electrode. — If it is desirable to localize 
the action of the current to one particular spot, a paddle 
electrode is used. This consists of a metal electrode whose 
dimensions are about 5 in. X 7 in., and which is provided 
with a long handle of insulating material. The operator can, 
by means of this electrode, concentrate the action of the 
current on any desirable part of the body, eitlier by holding the 
electrode stationary against the part in question, or by imparting 
to the electrode a circulating motion, if it is desirable to affect a 
larger area. 

71. other Electrodes. — In the multipolar both there 
is, besides the electrodes at the head and the foot of the bath, 
also a lumlmr electrode, -usually 6 in. X 10 in. By means 
of these three electrodes, various combinations may be made. 
For instance, the lumbar may work in conjunction with the 
head, or as it is usually called, the cervical electrode, and the foot- 
electrode. Or, the cervical may be placed opposite the lumbar 
electrode, and both act as lateral electrodes. If the foot- electrode 
is removed and the lateral electrodes are of opposite polarity, 
the current will travel across the bath only, and act on the 
special organs situated in its path. 

A further viiriation may be made by covering the lumbar 
electrode with a light wooden framework and utilizing it as a 
gluteal electrode. By letting the patient sit on this and use 
it in conjunction with the cervical and foot- terminals, or 
with the latter alone, a further localization of the current may 
be iicconiplished. 

It should be remembered that the quantity of current which 
the body will receive, also depends on its proximity to the 
electrodes, so that this provides a further means for giving a 
local as well as a general aj)plication of the electric current. 

72. stationary and Movable Kleetrodes. — The vari- 
ous electrodes used in ji multipolar hath may be either 
staliouari/ or moniblf. In the former instance, the walls of the 
bath are usually perforated and the insulated wires paxSsed 
through these oi)enings. The conducting wires lead to a 
common switchboard, wlure, by means of plugs, any electrode 
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may be thrown in or out of action. This arrangement of 
stationary electroiles has certain advantages from the fact that 
the electrodes are always ready for action and need no additional 
handling. At the same time, there are certain drawbacks 
inherent in the system. For one thing, the arrangement is 
less flexible than with movable electrodes, unless their number 
is increased; then again, the perforation of the sides of the 
bath leads sooner or later to a leakage. But the greatest dis- 
advantage results from the numerous electrodes constantly 
situated in the bath, some of which at times are idle and, as 
such, cause complications that it is difficult to avoid. 

The reason for this is that those electrodes that are idle are 
at the same time parallel with the submerged body and consti- 
tute a shunt to the same. As such they will divert part of the 
current In other words, the electrodes serve to short-circuit 
the other electrodes, thus preventing the body from receiving 
the current intended for it. 

For these reasons it is preferable to have removable electrodes 
and to have them supported by means of metal strips or wires 
that pass over the edge of the tub instead of through the walls. 







73. Switchboard for the Hydro-Electric Bath.— To 

facilitate the changes in polarity of the several electrodes, the 

switchboard shown in 

Fig. 39 may be used 
to advantage. Plate I 
is for the head. Plates 
II and III for the left 
and right sides, re- 
spectively, and Plate 
IV for the foot-elec- 
trode. When the plugs 
are placed, as shown 
in the illustration, it 
would mean that the 
head-electrode is of 
one polarity, and the left side, right side, and foot of another 
polarity. By taking out all the plugs and inserting one in 
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hole ftj and another in r„ the whole current would go from the 
left Ride to the right. In the same manner, other current 
patlis may he effected hy arranging the plugs in different ways 
and thus localizing or accentuating the action of the current on 
certain parts. 

74. Construction of the Electrodes. — The electrodes 
hhouUl he made of hright metal tiiat does not oxidize too freely; 
for this purpose aluminum sheets, of, say, No. 24 B. & S. gauge 
/7S\\ /Jf^ seem the most serviceable. They can be 

. yv-^ |. ^ easily cut to the desired dimensions, do 

not oxidize, and look clean and bright 
If necessary, thev mav be covered with a 
light lattice frame, which can be removed 
when the electrodes are to be cleaned. 

The fonn of the electrode may be as 
shown in Fig. 40, which represents a 
]unil)ar electrode of the dimensions given. 
A is the electrode proper, 6, b the strips 
from which it is suspended and which are 
riveted to the hooks c, c. The latter rests 
on thr ed^M' of tlit' tul> niul may he slid along the same into any 
(Ir^ind |H.>iti(»ii. At d is a ))in(linp-post for connection with the 
ruiulnctin^-conl. 

7."). C'lirroiit-DcMisIty. — Ry current-density is meant 
tlir rurnnt-stren^tli jht unit of eross-sectionai area of a con- 
(lurtor; in tin* |»ri's«>nt ens*', the scjuare foot may i>e taken as the 
unit of an-a. We srr, tlun, that the density must vary directly 
witli the t'unt'nt-stn'n^th and inversely with tlie area of the 
lransv«M>t« srrtion. 'I'hat is, if tln^ stren<i:th of the current is 
constant, an incnasc in sectional area of the conductor will 
drcrrase the density of the eurrent per unit area. 

If /> stands for <i('nsitv of eurrent, ^.' for current-strength, and 

r 

.1 for the sectional area, then /> . Let, for instance, the 




current-strength through a hody Ix' .200 ampere and its sec- 
tional ana J) scjuare feet. The density through same then is 

I) ^ *~^ - .OSi) ampere per square foot. 
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76. While spenking of donsity, it may here }>e of interest to 
mention a pe<?uliar variety of electric Ijath. It has heen devised 
for the purpose of avoiding the loss of current caused by the 
latter passing through the water in parallel with the body. A 
diaphragm of rublitT is placed across tlie bath enclosing the 
human body, thus dividing the batii in two. The current 
will Ihen, at the point where the diaphragm is situated, pass 
wholly through the body, because it is unable to pass through 
the diaphragm. It is true that by this arrangement the whole 
current will go through that part of the body inserted in the 
diaphragm and that it here will be of maximum density, But 
as a consequence the density through other parts of the body 
will be di'terniined by the tolerance of that in the diaphragm, 
and the rest of the body will therefore necessarily be traversed 
by a current of low density Very similar results may be 
obtained by arrangements such as the monopolar bath. 
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77. Direct and Alternating Ctirrents.^The electric 
current in nearly all its varieties is used for hydro-electrical 
purposes. We have first the ordinary direct current, as fur- 
nished by a voltaic battery or by the lighting stations; then the 
palsatory currenl, as delivered by some sinusoidal apparatus in 
which the alternating current can be changed into unidirectional. 
The faradic current from an induction-coil or the alternating 
current from n sinusoidal machine, or from a transformer fed 
from some lighting circuit, are also employed. 

78. If the direct current is to be supplied by means of 
voltaic cells, it is of importance that the latter are of good size, 
ao as to he of sufficient capacity and able to run for a long 
period without renewal. The method of selecting the proper 
number of cells and connecting them has already been 
explained. The current may be regulated by means of a 

^^ rheoetat, of a size large enough not to heat, or by means of a 
^L-.doable-handed cell-selector. The rheostat should be able to 
^^Bngulate a current of 300 milliamperes without overheating, and 
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l)oth the rheostat and cell-selector should be so made that the 
current can l)e entirely shut off. 

79. Measuring: Instruments.— For proper r^ulation of 
the current-strength through the bath a inilliammeter is neces- 
sary that will register up to 300 milliamperes. Sometimes a 
voltmeter is also convenient when it is a question of ascertain- 
ing the voltage of the battery or the separate cells. Some 
milliammeters are so made that, by the addition of a suitable 
resistance, it may be changed into a voltmeter. 

80. Current From Lilgrhtlngr Circuits. — When the 
direct current is taken from the lighting circuit, the bath must, 
a8 has already been said, be well insulated. In addition to 
disconnecting the hath from the waste and supply pipes, it 
should 1h' placed either on plates of vulcanized rubber or glass. 

81. Current From Induct Ion-Colls. — When the cur- 
rent from an induction-coil is used, the latter should be one 
that has an interrupter with a smooth action; its speed should 
he variable l>etween wide limits, say between 1,000 and 4,000 

int(Trnj)tionR per minute. 

So-ciilled bath coils, ^vhich simply consist of a primary coil, 
an* also used for the electric bath. They depend for their 
action on self-induction alone, and belong, therefore, strictly in 
thr class of the direct-interru})ted current, as the latter does not 
chanjie in direction. Its self-induction is high; the make-cur- 
nnt i.< therefore very weak, and the break-current predominates 
l<» ^uch an extent that it is really the only active one. Its 
regulation is accomplished hy subdividing the coil and throwing 
j)art of it out of action, if the current-strength is to be reduced. 

82. Current From Alternatoi's. — The alternating cur- 
rent from the lighting circuits has been used (j[uite extensively 
in o])erating transformers intended for the suj){)ly of a sinu- 
soidal current. Some practitioners j)refer to use the supply 
current for the oj)eration of a motor and let the latter drive a 
sinusoidal machine. This arrangement gives an opportunity 
for regulating the voltage as well as the frequency of the 
alternations. 
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DYNAMOS. 



FUXDAMENTAIi PRINCIPLES. 

83. Conversion of Mechanical Into Electrical 
Energ:y. — In the voltaic cell we have seen a source of electro- 
motive force, in which chenaical energy was changed into elec- 
trical energy. Under certain conditions this source was found 
satisfactory, but where th'e supply was to be continuous and 
the output in watts large, it would, in addition to being incon- 
venient, also be very expensive. Under these conditions the 
advantage lies with a source of electromotive force in which 
mechanical energy is changed into electrical energy. 

In Magnetism and Electromagnetism^ when treating of electro- 
magnetic induction, we observed that a wire moving across a 
magnetic field, or vice versa, had an E. M. F. created in it. This 
was taken advantage of in the induction-coil by changing a low 
E. M. F. into a high one, and was also utilized in the sinusoidal 
apparatus for the production of an E. M. F. The latter machine 
properly belongs in the class where mechanical energy is changed 
into electrical; but, as the power consumed is so small, and its 
field of usefulness limited mostly to that of the induction-coil, 
it was treated in conjunction with the latter. 

Fig. 33, Magneiisin and Ekctrovuigneiism^ showed the effect of 
moving a conductor across a magnetic field. It would naturally 
suggest the idea that a machine built on that j)rinciple could be 
advantageously used fc^r generating an E. M. F. on a larger scale 
by adding more conductors and moving them at high speed. 
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Since it iB, of course, impossible to constantly supply new con- 
iluctOFB, provision must be made for returnii^ the conductors to 
(heir original positions, and let them repeat their motion through 
the magnetic field witliout interfering with the acUon of the 
maclune. 

Tliese conditions are complied witli if the conductors are 
arranged along the curved surface of a cylinder or radially 
along the sides of a disk, and if either of these are set in rota- 
tion in a magnetic field. 
We will consider the cylin- 
drical form only, as shown 
in Fig. 41. 

Here we have a conduc- 
tor aefb bent along the 
', surface of a cylinder, shown 
:/ in dotted lines, and rotating 
■' with it in the direction 
shown by the arrows. The 
ends of the conductor are 
joined to the segments c, d. 
N and S are the poles of the 
magnet, and, as A^ is the 
north pole, the lines of force 
will pass in the directions 
iniHcittod by the arrows on 
the dotted lines. From the 
rule given in Art. 54, Jifitij- 
•leli-iin mid Etectwmag)ielisni, 
we find that tin- dirwli.ui of Iho E. M. F, induced in tlie 
lowur jiiirt/of (lio loiiiliiclnr is as iiiiiii'alwl hy the arrow, and 
we also ilnd that ihv iii.hK'wl E. M. K. in the upper part of the 
coiKiuotor (■ acls in tlic iijipo.^ile diiection. The result is that 
the tivi) I'lwtrouiolivi! fortes act in llio sinnc direction, so far as 
the coiKhictni is coiiccmtd; tluil, therefore, the total E. M. F. 
will he a sum 'if Uvo; anil tlial there is a tendency to start a 
euixent in tlu- direction of this E. M. F. It, new, a conductor fj 
is held, as iinlicated, again.-it the setjment.s c, il, a current will 
flow through the cuniliictor us indicated. 
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84. Coll and Comnintator. — To increase the action of 
I liie machine, wind tlie conductor several times around the 
cyhnder, each convolution adding to the E. M. F. ; it constitutes 
then what is called a coll. It is a!so evident that it would be 
a waste of space to let the rest of the cylinder lay idle; that, 
in fact, it would he natural to provide the whole circumference 
with conductors, and that each would be connected with 
segments similar to c, il, but that the latter would have to be 
made correspondingly narrower, so as to allow space for the real. 
These segments would all be insulated from one another, and 
form a cylinder called a conini 11 tutor, so named because it 
commutes currents running in opposite directions into currents 
running in the same direction, and under certain conditions 
combines these currents into one uniform current. 

Instead of making contact with the commutator by means of 
a conductor g, it is customary to provide two broad plates, 
either of carbon or of laminated copper, called brushes, and 
let the terminals of the machine be connected with the supports 
of these brushes. 



85. The machine described has one great drawback ; there 
. is only one conductor at a time in communication with the 
. brushes. Any electromotive forces that may be generated in 
Uie other conductors are useless; they cannot start currents, 
because their segments are insulated from one another, likec, <l, 
and, therefore, their circuits are open. Even could currents 
flow, they would be unable to reach the brushes, and would 
simply waste their energy in their respective circuits. To 
eliminate this great fault, all the conductors or coils are con- 
nected with one another, constituting one large coil. 



86. Armature. — As yet, no mention has been made of 

cylinder C, indicated liy dotted lines. It could be made 

y material, simply acting as a support for the conductors, 

:t it is always made of laminated iron. It is made of iron, 

on is n good magnetic conductor, and thus, practically, 

I continuation of the magnetic |)ole-pieces N, S; and it ia 

ioated in order to avoid the starting of Foucault's current. 
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This combination of the conductors and an iron cylinde 
drum is called an nrmature. 

It is not necessary that the conductors be supported I 
cylinder; they may also be wound around a ring, as show 
Fi^. 42, and then constitute a ring: armatare, while 
former is called a drum armature. The iron ring 6r d 
is the core. 



87. HIngr Armature.— In Fig. 42, we see all the < 

dp a^, etc. coimected with one another, constituting one coil 




Fkj. 42. 



also s(«' the ronnoctors r^, r^, rto. connoctinf^ tlio junction of 
coils with the coinniutjitor se^nncnts .•<,, s'.^, etc. iV and *S\are 
j)()lr-j)irc(\^; .V hoinir tln^ north ]H)h\ iUv Hues of force will ] 
from ri^ht to left. The arinatiin^-corc is marked />, an( 
rot:itin»j: in the dinH-tioii indicated hy the arrow. 

From wliMt has h(»en previously Raid on the subject, 
sliould easilv find that the directions of the induced E. M 
in the various coils are as indicated hy the arrows. We no 
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now a peculiarity which, at first glance, would seem to make 
the whole machine inoperative, that the directions of the 
electromotive forces on one side of the dotted line x x are acting 
in opposition to those on the other side. But, after some con- 
sideration, we find that the two halves of the armature are, in 
reality joined in parallel, and that whatever currents are flow- 
ing in either half, combine at the connector c„ pass through the 
latter into the segment «„ and from there through the positive 
brush d into the conductor /. After passing through the 
external resistance jR, the current returns through the con- 
ductor y, into the negative brush &, then through the segment 8^ 
and the connector c^, when it divides, one half of the current 
flowing through the coil a, and the other half through the 
coil cUf, From either of these coils, the currents continue their 
upward flow; but it must be remembered that in the next 
moment the coils a, and a, will pass the line xx^ called the 
neutral line, and that then the current will flow through 
them in opposite directions. In fact, in each coil the direction 
of the current flowing through it will be reversed twice for each 
revolution of the armature. 

88. It was stated in Magnetism and Electromagnetism that 
the E. M. F. produced in a conductor increased in proportion 
to the density of the field and the speed of the conductor in a 
direction at right angles to the lines of force. Neither of these 
factors is constant in regard to the armature of Fig. 42. The 
coils a^, a„ Uj, and a^ are passing through a denser field than 
the coils a,, o^, a^, and a^; the E. M. F. of the former coils will 
therefore be higher than that of the latter. An additional 
detriment is that the last-named coils no longer travel in a 
direction at right angles to the lines of force, but more or less 
parallel to them, and that, therefore, when approaching the 
neutral line, smaller and smaller electromotive forces will be 
produced in them. 

89. Armature Compared With Cells in Parallel 
Series. — How these electromotive forces of varying heights and 
directions combine so as to produce one current is shown by 
means of Fig. 43. We have here 10 cells, arranged in two 
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parallel series of 5 cells. There are, therefore, 5 cells on either 
side of the neutral line xx, the electromotive forces of the cells 
at the left running in opposition to those of the cells at the 
right. The effect is that two currents of electricity will flow, 

one on either side of 
the neutral line, and 
that they will meet at 
c,, where they unite 
into one current of 
double the amperage; 
it will then flow 
through the segment 
«,, into the positive 
brush d, the conductor 
/, and through the ex- 
ternal resistance R, 
From here it will again 
Jg return through the 
conductor g to the 
negative brush e, pass 
through the segment s^, when it will divide again into two sep 
arate eurrenls llowing through the cells on either side of the 
lin(\s r, / to the connector Cy 

If the current, instead of dividing into two branches, had to 
pass through all of the 10 cells, the loss in voltage would be 
10 volts, if we supj)Ose that the internal resistance of a cell is 
.1 ohm and the current-strength 10 amperes. In the arrange- 
ment indicated in Fig. 43, the total resistance of the battery 
would be (see Direct Currcids): 

sX r 5 X .1 oc u 

r ^= -^ — ^ — = .25 ohm, 

2> 2 

and the loss in voltage, 

E--= C X r' = 10 X .25 = 2.5 volts, 

which is one-quarter of the droj) with all the cells in series. 

It was shown that some of the coils in Fig. •i2 developed a 

higher E. M. F. than others. This has been indicated in 

Fig. 43 by increasing the size of the cells corresponding in 

position to those of thr coils when having their maximum 
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, '£. M. F. ; but this musl not be iindei'sUjod lo mean that an 
increase of the size o( a. cell increases its E. M. F. In this 
' instance it must Hiinply be taken as a graphical reprt'seiitatioii 
I of the relative electromotive torces in the various cells. 



)0, The diagram in Fig. 43 shows the result of connecting 

all the coils in series and connecting all the junctions with the 

ctiuimutator-segments. We see that eacli cell adds its E. M. F. 

to that of the preceding cells; the same is done by the coils in 

Fig. 42. It is also evident from Fig. 43 that the connections 

between the e^ments and tlie coils have no influence on the 

flow of current, and no function to perform, except in that 

instance when the segments pass under the brush. The seg- 

I Oients «„ «„ a„ and fj, though joined lo the cunnectore t,, c„ 

, cannot transmit any current in the i»ositions there indi- 

I caled, because, for the moment, they arc insulated from the 

rest of the circuit; all the connectora and segments, except 

I those marked c,, c, and ji„ j<„ might therefore be removed wilh- 

I out affecting the operation of iht- dynamo or cells, so far as the 

I position indiciitetl is concerned. Of course, wben the armature 

[■ revolves, all the connectors and segments subsequently come 

i in action. 



91. A«.-tIon of u Dynamo. — ^We are now able to study 

[ an osseuihled view of a dynamo 

I and understand its action in gen- 

I era]. In Fig. 44 a dynamo is 

I shown in a diagrammatical view. 

is the armature, c the com- 

I'niutator, d and e the brushes, and 

KA the shaft that supports and 

I'drives the armature. The shaft 

supported in liearlngs, nut 

shown in the drawing, at Imth 

of its ends. A' and S are the 

pole-pieces, which receive their 

^i tuognetism from the electromag- 

^B nets E, E,, I^-, I being the coils, and i, j the < 
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electromagnet. The upper ends of the cores are connected 
by an iron block m called a yoke. 

The current leaves the positive brush d and passes directly 
into the coil k^ then from this into the other coil I and through 
the conductor / into the external circuit R, From here, it 
returns through the conductor g and the negative brush e to the 
commutator c and the armature A. The electromagnets or 
fleld-magruets as they are usually called, are therefore mag- 
netized by the dynamo itself, and the latter is therefore said to 
be self-excited. If the exciting current of the field-magnets is 
supplied from some outside source, it is separcUdy excited. 



CLASSES OF DYNAMOS. 

92. Series uiid Shunt Dynamos. — When the whole 
current fn)ni tiie armature goes through the field-magnet coils, 

and they, so to speak, are con- 
nected in series, the dynamo 
is a series-dynamo. Fig. 44. 
If the field-magnet coils and 
the external circuit are con- 
nected in parallel, and there- 
fore only part of the whole 
current goes through the field- 
magnet coils, which, in that 
case, usually are of high resist- 
ance, then it is a shunt 
dynamo, Fig. 46. Here the 
current divides into two parts, 
tln' sinalkr passing directly into the field-magnet coils F, F^ 
while the hahmcc ;i()es into the external circuit. 

1)»5. ( <)iii])<>iin(l Dynamo. — \\'hen the coils are j)artly in 
series and partly in shunt, we have a conii)ouud->vouncl 
dvnanio, as shown in Fijx- 40. 

1)4. Diiri'iHMicc lU»t\veeii ►Scries a lul Shunt Dyuaiuos. 

These variations in conihining the coils with the armature are 
for the purjiose of regulation, and are determined hy the use 
for which the dynamo is intended. When, as in Fig. 44, the 
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whole current goes through the field-magnet coils, the flow 
through the latter will be affected by any variation of 
resistance in the external cir- 
cuit R. An increase of resist- 
ance will diminish the amper- 
age of said coils and also the ^ 
strength of the magnetic field. 
In Fig. 45 the conditions are 
different. Increasing the exter- 
nal resistance causes an in- 
creased flow through the coils 
Fj F^J and therefore strengthens 
the magnetic field. The E. 
M. F. of the armature will then 
increase, and it will be able to 
send the same current through 

an increased resistance, if this remains within certain limits. 
Fig. 46 is a combination of both, and a dynamo of this char- 
acter is able to regulate itself within wide limits. 

95 • Alternators. — The dynamos so far considered deliver 
a continuous curnmt, because the commutator rectifies the vari- 
ous currents in such a manner that they run in the same direc- 
tion. The dynamo, then, in reality provides an alternating 
current. If we therefore excite the field-magnet coils from 
some exterior source, remove the commutator, and replace it 
by two simple contact-rings with brushes, we would, if the 
armature is properly wound, receive an alternating current from 
the brushes. The machine would then no longer be a direct- 
current, but an alternating-current dynamo, or what is called 
an alternator. 



MOTORS. 

96. General Principles. — The effects produced in a con- 
ductor movinji^ in a magnetic field were described in Maguctiwi 
and Electr(m\a(jnciimi\. If the conilitions there represented l)e 
reversed and a current sent through the conductor while it is 
situated in a magnetic field, what would be the result? The 
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conductor woultl move, but in a direction opposite to that which 
would produce an E. M. F. acting in the same direction as that 
of the current now flowing. For instance, if, in Fig. 47, the 
conductor were moving across the field in the direction indi- 
cated by the arrow, an E. M. F. would be created that would 
tt'iid to send a current down through the paper. If, on the 
other hand, it is intended to move the conductor in the same 
direction by means of a cur- 
rent, sent through it from 
some external source, the cur- 
rent must be sent through it 
in an upward direction. The 
' ,' ,''/fi'Mt)ji\\\-^i y illustration will show the 
-Vy Viy ^^".■*-- reasons for this. It is ob- 

-',X ,---|-— .,^ ".^ ' served that the lines of force, 

encircling the conductor, 
■ and which are produced by 
the upward passing current, 
on one side travel in the same direction as the lines of force 
belonftinp; to the pole-pieces N, S; a repulsion will therefore take 
pjarc, as fxplniiipd in Magnetixm. -md Electrovwgtiftmn. On the 
otlicr .sidf. tlif lini'S of force travel in o[)posite directions and an 
atlnictiiin will l>o ellccted. Both of these forces tend to move the 
cinihirtor in tjic' direction indicated by the arrow. This reaction 
Ix'tweeii !in active cimdurtor and a magnetic field is the principle 
on which an electric motor iw based. 

It is tlicrcforp poswilvlf to GJiange a dynamo into an electric 
motor iiy Hupplying it with a current thnmgh the brushes; and, 
conversely, it is also po-iKible to change an electric motor into a 
dynamo I )ysup]>lyinK it with mcclianicalencrgythrough the shaft. 

it". <nuMU-i-EU-<U-or(n>llve rorce.— As soon as a 
iuolm-:iriiiatnrc bogin;; ti> riita1<', it tends to act as if belonging 
to a dynamo, an<l begins to crejite an K, ,M. F. in opposition t'l 
tliat wliicli seiida a current througli the brushes. This 
K. M. V. is called a miiiitn- E. M. F.. and it is clear that 
the K. M. F. applied to the terminal;^ must at least be equal 
to the counter E. M. F. plus the fall of potential in the armature. 
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98. Uses of Dynamos and Motors. — Dynamos are not 
used as frequently in electrotherapeutics as voltaic batteries, the 
latter being more convenient when only small units of electric 
energy are required. Sometimes, when larger volumes of current 
are needed, and electric circuits used for city lighting are at 
hand, these circuits may be utilized for operating an electric 
motor, while the latter again may furnish the necessary power 
for running a small dynamo. The high voltage of the lighting 
mains, which usually is either 110 or 220 volts pressure, may in 
this manner be changed into a voltage sufficiently low to be used 
in connection with an electric cautery. 

99. As there are dynamos that produce continuous, and 
others that produce alternating, electromotive forces, so there 
are motors capable of using either of these electromotive forces, 
though, as a rule, a motor built for one of these varieties of 
E. M. F. is unable to be run by the other. It is also to be 
noticed that a motor is designed for a special speed and 
E. M. F., and, when these conditions are fulfilled, it is showing 
its highest efficiency. If compelled to run at other speeds or 
with higher or lower electromotive forces than those for which it 
was intended, it is likely to run at a certain disadvantage and be 
unable to utilize as much of the power supplied as it otherwise 
would. A motor may also be operated by means of a storage or 
a primary battery, and in any of these cases its speed is regulated 
by means of a suitable rheostat. 
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UNITS. 



FUKDAMBNTAIi ITNTTS. 

100. The units used in electricity and magnetism have 
partly been explained at different times, but it is advisable to 
repeat tiie definitions already given and to add others, for the 
sake of easy reference, and in order to show more clearly the 
relation and derivation of the various units. 

The units are divided into the following subdivisions: funda- 
mental units, derived units, electrostatic units, magnetic units, 
electromagnetic units, and practical units. 

The absolute and practical units are based upon the three 
fundamental units of length, time, and ma88j which are 
defined as follows: 

101. Unit of Jjenj>:th. — The centimeter, or the unit 
of length, repivseiits TT)X)()iTJi^oTro ^*^ the distance from the pole 
to the cMiuator on ihv surface of the earth, and is equal to 
,89o7 incii, or 1 inch ecjuals 2.54 centimeters, nearly. A 
s<|iiiiro centinietor is the area contained in a square, each of 
whose sides is 1 centimeter in len<;th; 1 square centimeter equals 

loo s(iuare inch, or 1 scjuare inch ecjuals ().45 square centi- 
nielers, nearly. A cubic centimeter is the volume contained 
in a cube, each of whose edj^es is 1 centimeter in length; 1 cubic 
centi mister eijiials .00102 cubic inch, or 1 cubic inch equals 
1(). o87 cubic centimeters. 

lOti. Unit of Mass. — The ^rani, or the unit of mass, 

or (iiKuitiii/, of iiuider, represents the (luantity of matter contained 
in a cubic centimeter of j)ure water at the temperature of its 
maximum density, which is 4° C, or 39.2° F., and is equal in 
weight to 15. 432 grains. 
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103. Unit of Time.— The second, or the unit of time, 

represents j^Viny ^^ * mean solar day. 

104. Absolute, or C. G. S., Units. — The system of 
units derived from these are named the absolute, or C. G. S., 
system, to distinguish it from other systems based on other 
fundamental units. 

105. Derived Units. — From these fundamental units 
the following secondary units are derived: 

The unit of velocity, or the rate at which a body changes 
its relative position, is determined by dividing the distance in 
centimeters through which a body travels by the time in sec- 
onds required to travel that distance. The unit of velocity is, 
therefore, 1 centimeter per second. 

The dyne, or the unit of force, is that force which, by 
acting upon a mass of 1 gram for 1 second, can give to it a 
velocity of 1 centimeter per second. 

The erg, or the unit of work, is the amount of work per- 
formed when a force of 1 dyne is overcome through a distance 
of 1 centimeter. It has already been stated that the practical 
unit of work in electrical measurements was the Joule; 1 joule 
is equal to 10,000,000 ergs. 

The unit of power, or the rate of expending energy, is 1 erg 
per second. Consei^uently, as the watt is ecjual to 1 joule per 
second, it must also equal 10,000,000 ergs per second. 

106. Electrostatic Units. — The following units have no 
special names: 

The unit quantity is a quantity of electricity that is able to 
repel another similar and equal quantity with a force of 1 dyne 
at a distance in air of 1 centimeter. 

The unit potential is that potential which reijuiros the 
expenditure of 1 erg of work to bring a unit quantity of elec- 
tricity from zero potential to that potential. 

The unit electromotive force, or dllTercnce of poten- 
tial, exists between two points if a iniit (piantity of electricity 
will do 1 erg of work in passing from one point to the other. 
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The unit current is one that conveys a unit quantity of 
electricity through a conductor in 1 second. 

The unit of capacity is possessed by a conductor if a 
charge of 1 unit of electricity brings it up to unit potential. 

The unit resistance of a conductor is that which requires 
unit electromotive force to send a unit current through it. 

107. Magrnetic Units. — The unit magrnetlc pole is 

one of such strength that it, at a distance of 1 centimeter in air, 
repels a similar pole with a force of 1 dyne. 

The magfnetlc potential at a point, due to a magnet, is 
the work required to remove a unit magnetic pole from that 
point, against the magnetic attraction, to an infinite distance. 
This work is measured in ergs. 

The unit difference of magrnetlc potential exists 
between two points when it requires the expenditure of 1 erg of 
work to bring a (north or south) unit magnetic pole from one 
point to the other against the magnetic forces. 

The strength of a magrnetlc Held is measured by the 
force it exerts upon a unit magnetic pole; therefore, the unit 
Intensity of a magnetic field is that which acts on a unit pole 
witli a force of 1 dvne. 

108. Elec'tromajirnetle Units. — The unit sti*ength of 
current is one whicli in a wire of 1 centimeter length, bent so 
as to form an arc of a circle of 1 centimeter radius, exerts a 
force of 1 dyne on a unit magnetic pole placed at the center. 

The unit quantity of electricity is the quantity that a 
unit current conveys in 1 second. 

The unit electromotive force, or difference of poten- 
tial, is that which must be maintained between two points on 
a conduct(^r, in order that unit current may do 1 erg of work in 
1 second. 

Tiie unit resistance of a conductor is that which permits a 
luiit current to flow throu<^h it, wlien unit electromotive force 
is maintained between its ends. 

The unit capacity of a condenser is that which a unit 
quantity of electricity will raise to unit potential. 
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PRACTICAL. UXITS. 

109. Index Figrai^s. — Some of the absolute, or C. G. S., 
units would be either too large or too small for practical use. 
The following units, called practical electric units, have 
therefore been selected so as to be of a magnitude convenient 
for ordinary use. They are decimal multiples of the absolute 
unite; but, as it would require numerous figures to express the 
value of the practical units in absolute unite, a system of 
writing has been adopted in which, by means of index figures, 
these large figures can be reduced to a number of few figures. 

The index may either be positive or negative, and signifies in 
the first case the number of tens by which the figure is to be 
mtUtijdiedj and in the latter case the number of tens by which it 
is to be divided. For instance, 3xl0*=3Xl0xl0 = 3Xl00 
= 300; 2 X 10» = 2 X 10 X 10 X 10 = 2,000; 4 X 10» = 

4,000,000. 3xl0-'=j^^-^ = A = .03; 4x10-* = 

4 4 5 2 
.__ 004 • 9 V 1 0~* -— - 

10 X 10 X 10 ~" 1,000 ~" ' ^ A iv^ — 10» "" 1,000,000 
= .000002; i X 10» would be ^ X 1,000 = 200, while i X lO"* 
would equal | X -njW = Trmr = 005. 

110. Unit of Current* — The absolute electromag- 
netic unit of current is too large for ordinary purposes, and 
the practical unit of current has therefore been reduced to 
one-tenth part of the former unit, and is then called 1 ampere. 
An ampere is thus 10~* of an absolute (electromagnetic) unit of 
current-strength. 

A current of electricity, when passing through water, decom- 
poses it into ite two elemente, hydrogen and oxygen. The 
quantity of water decomposed is proportional to the strength of 
the current flowing, and also to the time during which it flows. 
Consequently, a unit strength of current can be conveniently 
adopted by agreeing that it is that strength of current which 
will decompose a certain quantity of water in a certain time, 
and agreeing upon the quantity of water and the time. 

By universal agreement, 1 amj>ere is that strength of current 
which will decompose .00009324 gram, or .0014388 grain, of 
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water in 1 second. It will also, in 1 hour, deposit 4.024 grams, 
or 60.52 grains, of silver in a silver cell, which is at the rate of 
.001118 gram, or .01681 grain, of silver per second. This is 
almost exactly 1 grain of silver per minute. 

111. Unit of Electromotive Force. — ^The absolute 
electromagrnetic unit of electromotive force is so small 
that it would take 100,000,000 of these units to express the 
E. M. F. of a single Darnell's cell. When it comes to high 
E. M. F., the number would be enormous, and it has therefore 
been decided to take 100,000,000 (10*) absolute units, and of 
these make a new unit, called 1 volt. 

It was stated in Magnetisvi and EUctromagnetism that if a 
conductor, in passing through a magnetic field, cuts lines of 
force at the rate of 1 line of force per second, 1 absolute unit of 
potential was generated. It follows, therefore, that to generate 
1 volt the conductor must cut across 100,000,000 (10*) magnetic 
lines of force per second. The E. M. F. of a Daniell's cell is 
about 1.1 volts. 

112. I'nlt of Resistance. — The practical unit of 

resistance is 1 . OCX), 0(X), 000 times as great as the absolute 
elect romagiietic unit. The units of the volt and ampere deter- 
mine the ningnitude of this unit, as, according to Ohm's law, 

., , 1 unit of electromotive force 

1 unit of resistance- z — ., — ^ : 

1 unit of current 

but, as the practical unit of E. M. F. is 100,000,000 absolute 

units, and the practical unit of current is j\ of the absolute unit, 

., f n *i f 1 .1 •. f • f 100,000 ,000 
it follows that 1 practical unit of resistance = j 

TIT 

- ^ 1,000,000,000 (lO'') absolute electromagnetic units of resist- 
ance. 

113. This practical unit of resistance has been named 
/ nJnn, Tlie true ohm is the resistance ofTered by a column of 
mercury 100.3 centimc^ters high and 1 square millimeter in sec- 
tional area at the freezing-i)oint of water, or 0° C. 

The legal ohm is the unit of resistance generally employed in 
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technical measurements, although it is probably .3 per cent, 
smaller than the true ohm. One legal ohm is the resistance 
offered by a column of mercury 106 centimeters high and 
1 square millimeter of sectional area at freezing-point of water, 
0^ C. The dimensions of the column, expressed in inches, are 
41.7323 mches high and .00155 square inch of sectional area. 

The resistance of 100 yards of ordinary iron telegraph-wire is 
about 1 ohm. 

114. Unit of Quantity. — The practical unit of quan- 
tity is the coulomb; it is ^ (10"^) of the absolute unit of 
quantity of the electromagnetic system. It can deposit .001118 
gram of silver. 

115. Unit of Capacity. — The fiirad is the practical 
unit of capacity and is TTrTTTmrTnTinr (10"*) of the absolute 
electromagnetic unit of capacity. 

116. Unit of PoTver. — The watt, or volt-ampere, is 

the practical unit of poTver. It is obtained by multiplying 
together volts and amperes. One watt equals 1 joule per second, 

therefore .7373 foot-pound per second, or ~V7^- = ^-^horse- 
power. 1,000 watts equals 1 kilowatt. 

117. One watt-second is 1 watt expended for 1 second. 
One UHitt-hour is the energy expended by 1 watt for 1 hour, or 
2,654.4 foot-pounds. 

One kUowcUt-hour is the quantity of energy supplied in 1 hour 
by a current of such voltage that the product of volts, aujpercs, 
and hours comes to 1,000; for instance, a current of 5 amperes 
at 20 volts for 10 hours, or a current of 100 amperes at 10 volts 
for 1 hour. 

118. Even these units are sometimes either too large or 
too small, and prefixes of ine<j<iy inuro, and mi Hi are then used. 
They facilitiite the calculations and measurements of exceed- 
ingly large or small quantities. 
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Mega means ''one million" ; micrOy "one-milli<Hith part" ; and 
fhUli ''one-thousandth part" 

For instance, 1 microhm is equal to tvtItvv ohm. Therefore, 
to express the resistance in microhms, multiply the resistance in 
ohms by 1,000,000; and, conversely, to express the resistance 
in ohms, divide the resistance in microhms by 1,000,000. 

The megf^m is a unit of resistance that is equal to 1,000,000 
ohms, and is used chiefly to measure the resistance of bad con- 
ductors and insulators. 

The mierofarad is iq^lm &rad; a milUampere is the 
thousandth part of 1 ampere. 

• 

119. Ratio of the Eleotrostatlo to the Electromag- 
netic Units. — ^The dimensions adopted for similar units in 
these two systems are not the same. It would go beyond the 
limits of this Section to explain why this is so, and it must 
therefore suffice to simply call attention to the fact and point 
out bow great the differences are. 

The following table shows the ratio between the practical, the 
electrostatic (C. G. 8.), and the electromagnetic (G. G. S.) units: 



CharacterisUc 


Practical Units 


Electromaguetic 

(CO. 8.) 

Unite 


Electrostatic 

(C. G. 8.) 

Unite 


Current-strength . . . 

Quantity 

Potential 

Resistance 

Capacity 


1 ampere 
1 coulomb 
1 volt 
1 ohm 
1 farad 


10-1 
10 I 
10 • 
10» 

io-» 


3X10» 
3X109 

ixio-2 

i X10-" 
9X10*' 



The ratio between the electromagnetic and the electrostatic 
units is therefore as follows: 

Electromagnetic (C. G. S. ) Elbctrostatic (C. G. S. ) 



Units 
1 unit of current-strength 
1 unit of quantity 
1 unit of potential 
1 unit of resistance 
1 unit of capacity 



Units 

3 X 10" units. 
3 X lO*** units. 
\ X 10-*« units. 
I X 10-" units. 
9 X 10" imits. 
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We see from the first table that the practical unit, ampere, is 
y^^ of the electromagnetic (C. G. S. ) unit of current-strength, and 
that the practical unit, volt, is equal to 100,000,000 electro- 
magnetic (C. G. S. ) units of potential. The practical unit, 
ohm, equals 1,000,000,000 electromagnetic (C. G. S. ) units of 
resistance. 

From the last table it is seen that the electromagnetic unit of 
quantity is 30,000,000,000 times greater than the corresponding 
electrostatic unit, while on the other hand the electrostatic imit 
of potential is 30,000,000,000 times greater than the electro- 
magnetic unit of potential 



A SERIES OF QUESTIONS 

Relating to the Subjects 
Treated of in This Volume. 



It will be noticed that the questions contained in the follow- 
ing pages are divided into sections corresponding to the sections 
of the text of the preceding pages, so that each section has a 
headline that is the same as the headline of the section to 
which the questions refer. No attempt should be made to 
answer any of the questions until the corresponding part of the 
text has been carefully studied. 



DIRECT CURRENTS. 



EXAMINATION QUESTIONS. 

( 1 ) Why is the expression ' ^producing* ' electricity incorrect? 

(2) What do you understand by electricity ? 

(3) Define electrification. 

(4) What is the function of the ether? 

(5) Is ether present in a vacuum? How is this proved? 

(6) How did the word current come to be applied to elec- 
tricity and magnetism ? 

(7) What do you understand by electrical resistance? 

(8) What causes the electric current to flow from one 
point in the electric circuit to another point in the same circuit? 

(9) (a) Define electromotive force. (6) What are the other 
terms often used instead of electromotive force ? 

(10) What is a volt? 

(11) Define (a) the coulomb; (6) the ampere. 

(12) Explain the difference between current-tension and 
current- intensity. 

(13) Explain briefly why a loss of pressure occurs when a 
current is flowing through a conductor. 

(14) What is (a) the ohm? (6) the microhm? 

Ibr notice qf copyright, tec pa(K immidicUdy following the tHU page. 
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(44) A battery of 6 cells is available to send a current 
through a circuit of high resistance. How should they be 
arranged to give a current of maximum strength ? 

(45) (a) Give a full description of the Leclanch^ cell. 
1.6) State fully the function of the manganic dioxid used in 
this cell. 

(46) What cell is used in medical practice more than all 
others taken collectively, and why ? 

(47) Describe the general construction of a dry cell. 

(48) What kind of cells should be used for cautery work ? 
Give reasons. 

(49) State the advantages of the process invented by Faure 
over that of Plants in the preparation of accumulator-plates. 

(50) What effect occurs if accumulators are discharged 
below 1.9 volts? 

(51) How does this effect influence the utility of the 
accumulator? 

(52) What determines the voltage and amperage of the 
current of an accumulator? 

(53) What effect does the rate of discharge have (a) on 
the output of an accumulator? (6) on the life of the plates? 

(54) How are accumulators charged? 

(55) State the percentage of the charging-current that a 
storage-battery yields. 

(56) What precaution is necessary in connecting the poles 
of an accumulator? 

(57) What are the advantages of the chlorid accumu- 
lator-plates over the paste types of plates? 
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(58) Explain the advantages of accumulators for medical 
purposes where large currents are required. 

E 

(59) How would you modify Ohm's law, C = 5, if you 

K 

were going to apply it to a circuit containing a counter 
E. M. F., in addition to the ohmic resistance? 

(60) What is the specific gravity of the electrolyte of an 
accumulator in working order? 

(61) In selecting batteries for medical purposes, what 
should be the objects in view? 

(62) What are the advantages of making one battery serve 
as many purposes as possible? 

(63) Why should binding-posts, connections, etc. be kept 
thoroughly clean and polished ? 

(64) When a battery has been used, why should the 
electrodes be placed away in a careful manner? 

(65) How can you determine which is the positive and 
which is the negative pole of the battery? 

(66) What is a grounded circuit ? 

(67) Define (a) external circuit; (/>) internal circuit. 

(68) How do you connect cells in parallel? 

(69) How do you connect cells in series? 

(70) What do you understand by a parallel-series con- 
nection ? 

(71) Can an electric current flow through a circuit with- 
out a loss of pressure? 

(72) Does the current-strength change in any j)art of the 
circuit? 
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(78) Does the voltage change? Give leeaona. 

(74) What detemuneB the onxrent-etreDgth of any battery? 

(76) What doee the bll of potential really xepreient? 

(76) What do you nndcfstand by the term ahnnt? 

(77) State the law of the divided drcoit 

(78) Three amdnoton a, b^ and e have leaetances of 8, 4, 
and 6 ohms, reepectively. If they are connected in parallel, 
what wiU he their joint resistance? 

C79) If the individnal resistances dt two candactors are 
eqoali what is their joint resistance when connected in pandlel? 

(80) When the individual resistances dt two ccmductors 
in parallel are uneqnali how do yon determine their joint 
resistance? 

(81) How do yon find the joint resistance dt three or 
more conductors in parallel? 

(82) How do you find the individual current in any 
branch of a derived circuit? 

(83) How do you find the drop of potential in the exter- 
nal and internal circuit? 

(84) Define (a) direct E. M. F.; (6) alternating E. M. F. ; 
(c) pulsating E. M. F. ; (d) continuous E. M. F.; («) inter- 
mittent E. M. F. 

(86) How many alternations are there in a cycle? 

(86) Define, by an illustration, what you understand by 
frequency. 

(87) When is an E. M. F. positive, and when negative? 

(88) When does an E. M. F. become alternating? 

(89) How many alternations are there in 100 cycles? 



Magnetism and Electromagnetism. 

EXAMINATION QUESTIONS. 

(1) Define magnetism and electromagnetism. 

(2) What effects are produced on a conductor through . 
which an electric current is flowing? 

(3) In how many ways may magnetism be produced? 

(4) How are the ends of a magnetic needle designated? 

(5) Show, by means of an illustration, how a freely 
suspended magnetic needle will behave when brought near 
a magnet. 

(6) Whkt simple method is there for showing the direction 
of the magnetic lines about a magnet? 

(7) Define (a) lines of magnetic force; (6) magnetic field; 
(c) magnetic flux. 

(8) On what two quantities does the strength of every 
magnetic circuit depend? 

(9) (a) What is the unit of magnetomotive force? 
(6) What is the unit of reluctance? (c) What is the unit 
of magnetic flux? (d) Give an eijuation showing the relation 
between these units, and state to what other equation between 
electrical units it is analogous. 

(10) What do you understand by reluctiince? 

(11) What do the lines of magnetic force show? 

(12) What is the medium through which magnetic forces 
are supposed to act? 

(13) By which pole are th lines of magnetic force su|)- 
posed to enter a magnet, and from which jM>le do they leave? 

(14) (a) What will take place between lines of force 
entering two south poles that face each other? (/;) What 
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2 MAGNETISM AND ELECTROMAGNETISM. §2 

will take place between lines of force emanating from two 
north poles facing each other? 

(15) State the law on which this phenomenon depends. 

(16) What important diflfereiice is there between a charge 
of electricity on a conductor and the magnetism of a magnet? 

(17) When a piece of steel or iron is magnetized, what 
rearrangement takes place in the relative positions of the 
molecules? 

(18) What is meant by induced magnetism? 

(19) Show how you would magnetize a bar of steel or iron 
by means of a permanent magnet. 

(20) Suppose a long bar magnet is broken into several short 
pieces. Show how it is that each short piece will be an inde- 
pendent magnet by itself, having a north and a south pole. 

(21) What is meant by the length of a magnetic circuit? 

(22) If two opposing magnetic fields are brought together, 
how will the lines of force arrange themselves? 

(23) In what way does reluctance differ from resistance? 

(24) How do the dimensions of ii magnetic circuit affect 
the reluc!taiu;e? 

(25) How may nia<j;netic circuits he classified? 
(20) Wliat is meant by magnetic density? 

(27) A ))ar of iron 3 inches wide and 5 inches broad has 
600, (KX) lin(\s of force flowing tlirough it in the direction of its 
length. Wliat is its magnetic density per square inch ? 

(28) (a) How can the existence of a magnetic field around 
a conductor conveying an electric current \u' proved? (/>) How 
will starting and stopping the current aflfect the magnetic field 
around the conductor? 

(29) Oiv(? a rule for determining the relative directions of 
an electric current in a conductor, and the lines of force 
around it. 
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(30) What will be the action between the fields of two 
parallel conductors, the currents of the conductors flowing in 
opposite directions? 

(31) Describe a solenoid. 

(32) Give the rule for determining the relative directions of 
the current and the lines of force in a solenoid. 

(33) Define permeability. 

(34) On what does the magnetic flux through a solenoid 
depend ? 

(35) Why is the magnetic flux increased when an iron or 
steel core is inserted in a solenoid? 

(36) Why must the wire of a solenoid be insulated? 

(37) Make a sketch of a simple form of an electromagnet. 

(38) Why is a horseshoe magnet more efficient than a 
straight bar magnet of the same length? 

(39) If a magnet is introduced into or withdrawn from. a 
solenoid with a galvanometer in circuit, what will take place? 

(40) (a) Give Fleming's rule for determining the direction 
of the induced E. M. F. in a conductor cutting across a mag- 
netic field. (6) State Ampere's rule for determining the same. 

(41) Under what conditions will a current flow through a 
conductor that is moving in a magnetic field ? 

(42) On what does the magnitude of the E. M. F. in a 
conductor cutting lines of force depend? 

(43) Enumerate the various means of inducing an E. M. F. 

(44) Explain the phenomenon of induction. 

(45) Discuss the behavior of the magnetic field of a solen- 
oid as the circuit is opened and closed. 

(46) What are eddy, or Foucault, currents, and how are 
they produced? 

(47) What effect have they on metal in which they 
circulate? 
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("48) How may Foucault currents be prevented? 

(49) Explain, in your own words, the operation of the 
primary coil shown in Fig. 56. 

(50) Explain the manner in which the formation of a 
spark is prevented by means of a condenser when the current 
of a primary coil is broken. 

(61) What is the shield, and for what purpose is it used 
in the induction-coil? 

(52) In the Dubois- Reymond type of induction-coil, how is 
the E. M. F. at the electrodes varied? 

(53) Why is it that, when switch TT, Fig. 67, is in contact 
with S',, no current from coil S^ is sent through the external 
circuit? 

(54) Why is it not possible to increase the E. M. F. of an 
induction-coil indefinitely by increasing the frequency of the 
**make'' and ** break" of the circuit? 

(55) How is the current affected as the frequency of vibra- 
tion is increased? 

(56) How may the Geissler tul>e be used to determine 
whether the E. M. F. of the coil is sufficiently high to produce 
the physiological effects of high-tension currents ? 

(57) How may the vibrator be tested for irregularities in 
its movements? 

(58) Wliat is tlie difference between the effective E. M. F. 
and the maxinuim E. M. F. of an alternating current? 

(59) How may the effective current-strength of an alter- 
nating current be measured ? 

(GO) What do you \mderstand by the so-c^alled extra 
current of tlie primary circuit ? 

(01) Explain why this extra current is so much stronger 
than the make-current. 

(02) If the conductor C, F\<;f. 42 (a), is moving upwards 
what will he the polarity of the end n? 
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(63) If the conductor C, Fig. 45, revolved in the opposite 
direction, what position would the point C, occupy in the curve 
Fig. 46 (6)? 

(64) What purpose does the core 7, Fig. 47, serve? 

(65) By what means may alternating currents be produced 
for therapeutic purposes? 



ELECTROSTATICS AND 
HIGH-FREQUENCY CURRENTS. 

EXAMFN^ATION QUESTIONS. 

(1) Define static electricity. 

(2) Explain the meaning of "positively electrified" and 
** negatively electrified" as applied to a body having a static 
charge. 

(3) How is the interaction of two electrically-ohargerl bodies 
analogous to the interaction of two magnet^)? 

(4) When is a body said to be chargwl ? 

(5) Explain the difference between conductors and insu- 
lators. 

(6) State two of the most important law.s of ele<rtririty. 

(7) What do you understand by the f-lf^tric series ? 

(8) In how many ways do chargf^ on bo^lies differ? 

(9) How may the presence of an elerrtrio charge on a brnly 
be detected ? 

(10) Describe fa) the gold-leaf flwtrr^;rr»pf': (hj the 
quadrant-electroscope; and Uj the torsion- balan^-*-. 

(11) Define elertrostatir unit of quantity of fle<;tricity. 

(12) What Ls meant by an inducwl rljjirL"-? 

(13) Explain the mf^nin^ of th^ t'-rms ••fff^ charge" and 
''bound charge." 

(14) How is the indnc^-^l rhargre on a \trt€\y affecte«l by the 
distance of that body from th^- indufinj: U>fiy? 

(16) State the law of inverse f-«^nare«. 
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2 ELECTROSTATICS. §3 

(16) What do you consider the most important phenomenon 
of static electricity? 

(17) Define electrostatic field. 

(18) How can you explain why a neutral pith-ball is 
attracted by a rubbed glass rod? 

(19) What will happen if two unequal charges unite, pro- 
vided the charged bodies are of equal size and of the same 
shape ? 

(20) Define inductive capacity. 

(21) What distinguishes dielectrics from insulators? 

(22) Is it unimportant what substance resides between two 
charged bodies? 

(23) What substance offers the most resistance to induction ? 

(24) May a good insulator be a poor dielectric? 

(25) Are all dielectrics insulators? 

(20) What conditions govern the potential of a charge? 

(27) Desorihe the^ elcctropliorus, and explain how it can V)e 
made to charge a Loyden jar. 

(2S) Upon what part of the body does the static charge 
reside? 

(29) State the exception to the law that static cliarges 
reside only on the external surfaces of bodies. 

(80) Docs electricity in motion flow both along the surface 
and through the body of a conductor? 

(31) What do experinn(»nts show in regard to the amount 
of electricity on the edg(^s, corners, and Hatter parts of bodies? 

C'V2) (a) \\'here is the maximum density of two similarly- 
charged spheres placed in contact with eachotlier? (6) Where 
is the minimum density? 
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(33) What are necessary when it is desired to secure a rapid 
discharge of electrical charges ? 

(34) What is the unit of electrostatic capacity? 

(35) What is a microfarad ? 

(36) The potential of a conductor is 30 volts when it has a 
charge of 150 coulombs. What is its capacity in microfarads? 

(37) On what does the number of coulombs residing on a 
charged sphere depend ? 

(38) What is necessary to know before an idea can be had 
of the quantity of electricity on a given conductor ? 

(39) What is a farad equal to ? 

(40) Explain the construction of a condenser. 

(41) Is the capacity of a conductor incrcjised or decreased 
by being placed near a conductor electrified with the opposite 
kind of charge ? 

(42) Upon what does the capacity of a condenser dc})end ? 

(43) Describe the Leyden jar and explain its action. 

(44) Where is the charge of the Leyden jar located? 

(45) Why does the dielectric of tlie Leyden jar sometimes 
break? 

(46) What is meant by "residual charge '* ? 

(47) Describe the construction of a battery of Leyden jars. 

(48) What is the objection to the electr()i>horu8 as an 
induction-apparatus ? 

(49) Into what two classes may static machines be divided ? 

(50) Which type of static machine is now most generally 
used by physicians ? 

(51) What purpose does the Wimshurst machine serve in a 
Holtz machine? 
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(52) Describe clearly the Holtz machine and its mode of 
action. 

(53) What voltage is reqliired to produce an electric breeze? 

(54) What is the potential difference required to send a 
spark between two metal balls separated by an air-gap of 1 inch? 

(55) How do you estimate the maximum potential of a 
static machine ? 

(56) When you connect the prime conductors of a static 
machine with a piece of copper wire, what is the effect ? 

(57) What is the nature of a spark produced by a static 
discharge ? 

(58) What three methods are there by which a discharge 
can occur? 

(59) What is the nature of the discharge from the Leyden 
jar? 

(60) Explain the manner of producing static induced 
currents. 

(61) What is tlie difference between the discharge of the 
static machine, the discharge of the Leyden jar, and the dis- 
charge of a lightning stroke? 

(62) What is the action of the small brushes on the wire 
arms of the Wimshurst machine? 

(63) To what extent does self-induction in the circuit 
affect static discharges? 

(64) Describe the moans of inductively changing the poten- 
tial of an insulated body from positive to negative. 

(65) What is meant )>y high-frequency currents? 
(06) What is a condenser electrode? 
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EXAMINATION QUESTIONS. 

(1) (a) What are cell-selectors? (6) Why are they used? 

(2) Explain the difference between single-handed and 
double-handed selectors, and state where each kind is used. 

(3) Explain how the selectors can be used as current- 
regulators. 

(4) What is a switchboard? 

(5) How do cell-selectors compare with rheostats as current- 
regulators? 

(6) What precaution should be observed in using cell- 
selectors? 

(7) What is the function (a) of the ammeter? (6) of the 
voltmeter? 

(8) On what principle is the operation of the modem 
ammeter and voltmeter based? 

(9) What is meant by a dead-beat instrument? 

(10) How are Weston voltmeters and ammeters made 
dead-beat? 

(11) Suppose you were going to place a Weston ammeter 
in a circuit through which a current of unknown strength is 
flowing. Would you connect your ammeter so as to give read- 
ings on the high scale (0 to 600 milliamperes) or on the low 
scale (0 to 10 milliamperes)? Give your reasons. 
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(12) How do the ooib of ammeleiB differ IIrhii thoee of 
Tolimeiera with raipeci to their reeiBtaiicef 

(13) Wbtt effect on the drooit doee shortKarcoitiiig a Toli- 
meter have? 



(14) Bufpmm a caxrent is flowing thnnif^ a cinmit contain- 
ing an ammeter and a voltmetor. (a> What woold be the effect 
of diaoonneoting the ammeter? (6) What would be the effect of 
dieocmnecting the voltmeter? 

(16) What ■abetances are generally need for iheoatata? 

(16) If a rheostat increaaes the radstanoe of a drcoiti 
what effect doee this have on the available B. M. F. of the 
battery? 

(17) Make a rough eketch of Ilg. 28; and indicate by 
arrows the direction of the current in the voltmeter-oircnit 

(18) Explain how increasing the distance between e and d^ 

Fig. 13, increases the resistance of the circuit. 

(19) What £. M. F. does the voltmeter in Fig. 24 indicate? 

(20) Does the ammeter, Fig. 24, measure the current flow- 
ing through the battery ? 

(21) What E. M. F. does the voltmeter in Fig. 26 mdicate? 

(22) Does the ammeter in Fig. 26 indicate the total current 
flowing through the battery? 

(23) In Fig. 41, e and / move in the same magnetic field. 
How can you account for the fact that the induced E. M. P. 
along e is in the oj)po8ite direction to tliat of/? 

(24) Describe the commutator, and state its function. 

(25) What is the function of the brushes on a dynamo- 
electric machine? 
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(26) What is the armature and what the core of the 
dynamo-electric machine? 

(27) Why is the core of a dynamo-electric machine nearly 
always made of laminated iron? 

(28) Explain the difference between a ring armature and a 
drum armature? 

(29) What is the difference between a self-excited and a 
separately-excited dynamo? 

(30) What is (a) a shunt dynamo? (b) a series dynamo? 
(c) a compound dynamo? ((/) Illustrate these dynamos by 
rough sketches. 

(31) What difference is there in mechanical construction 
between a dynamo and a motor? 

(32) (a) Describe the difference between connecting a 
patient in series and in shunt with a rheostat, as regards the 
path of the current. (/>) What is the difference in regulation 
between the two? 

(33) What is meant by a volt-sele»ctor, and where is it gen- 
erally used? 

(34) For what purpose is a current-selector utilized? 

(35) What is an indifferent electrode? 

(36) Why are coven'<l electrodes used? 

(37) What function does the water in a hydro-electric bath 
perform? 

(38) What E. M. F. is induced in a conductor when it 
crosses the line x r, Fig. 42? 

(39) What is meant by current-density? 

(40) If the current through a certain body is 000 milli- 
amj)eres, and the cross-sect ionnl area is 4 s(|uare feet, what is 
the current-density per square foot? 
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(41) If the current-strengths of two condoctora ore the 
same, and both are of the same specific resistance, how can 
the current-density be much greater in one of them? 

(42) If a person is placed in an ordinary bipolar bath, and 
a current sent through the latter, is the current-doisity through 
all parts the same? 

(43) What is the main difference between a monopolar and 
a bipolar bath? 

(44) Is the total current passing through a bath an indica- 
tion of the current received by a body submerged in the water? 
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